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THE ACUTE RADIATION SYNDROMI 


}‘OREWORD 


THE cases of acute radiation syndrome reported in this monograph are 
among the few instances of such injuries that have occurred on the Atomic 
Energy Program since its inception. The study of the illness of these 
individuals and the efforts made to aid them add much to our knowledge of 
acute radiation injury in man. This is particularly true in those cases who 
were fatally injured. The story of the survivors shows that an individual 
can be exposed to a large dose of radiation and still return to a productive 
vigorous life. The data presented in this article supplement the information 
gained at Hiroshima and Nagasaki, particularly for the period shortly after 
exposure when the Japanese observations were meager. Although these 


injuries are of the same general type as those caused by a full scale atomic 


explosion, it should be emphasized that they are peculiar to a nuclear reaction 
on a limited scale and unaccompanied by biologically significant amounts of 
heat and blast. 

SHIELDS WARREN 
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INTRODUCTION 


\cuTe radiation syndrome is the name applied to the group of signs and 
symptoms that characterize the illness produced by exposure to ionizing 
radiation of the entire body or a large part of the body. This illness runs an 
acute course lasting only a matter of weeks. The syndrome differs in this 
respect from the chronic form of radiation injury caused by repeated or pro 
tracted exposure of the body to radiation. Chronic injuries are manifested 
as gradually developing illnesses, such as aplastic anemia or leukemia. The 
acute radiation syndrome is also distinct from the most common type of 
radiation injury, i.e., that produced by irradiation of a limited part of the 


body. ‘The latter is localized but, like the generalized injury, may also be 


either acute or chronic in nature. X-ray burns of the skin provide a well 
known example of acute localized radiation damage, while atrophy, hyper 
keratosis and epitheliomata of the skin are characteristic forms of chronic 
ocalized injury 
Several years ago at the Los Alamos Scientific Laboratory two accidental 
nuclear reactions occurred which injured 10 persons. The case histories of 
nine of the 10 patients are presented in this report. Because there are no 
ther examples of this type of acute radiation injury, the case histories are 
reported in considerable detail and the implications of the clinical and labora 
tory observations are discussed fully Since these cases are unique, all 
pertinent data are presented in this report. Summaries are given at the end 
f each case history and after the discussion of the different aspects of the 
illness 
This report is written primarily for the clinician; therefore, emphasis 
has been placed on the clinical, hematologic and pathologic aspects of these 
illnesses. In order to give the practicing physician a better understanding 
of the nature of the injuries, certain basic physical phenomena are described 
\lso, the mechanisms by means of which ionizing radiations cause tissue 
damage are discussed. The illnesses of the patients presented in this study 
ire compared with the acute radiation syndrome as it was observed in 
Japanese victims of the atomic explosions in 1945 \n effort has been 
made to review the pertinent literature Che written review does not extend 
beyond February, 1950, but where new concepts have been proposed since 


then, the current views are expressed as tootnotes 
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HIGHLIGHTS OF THE CASE HIsTORIES 


Within a year of the first military use of the atomic bomb, two nuclear 
accidents occurred at the Los Alamos Scientific Laboratory. As a conse- 
quence of these temporarily uncontrolled fission reactions, a total of 10 per 
sons was exposed to bursts of penetrating ionizing radiations. Two of these 
individuals died as a result of their radiation exposure; the remaining per- 
sons received smaller but, in most cases, clinically significant doses of total 
body radiation. One of the survivors showed the typical manifestations of 
the acute radiation syndrome. Hematologic changes were demonstrated 
this patient and in four of the six other exposed but asymptomatic persons 

The radiations responsible for the body damage in these patients were 
chiefly moderately fast neutrons and hard gamma rays. Heat and blast, 
which, alone and in combination with ionizing radiation, were responsible 
for so many casualties in the bombed Japanese cities, did not contribute to 
the injuries of these persons. The neutrons, which accounted for the bulk 
of the tissue damage, had limited powers of tissue penetration despite their 
rather high energies. Like soft x-rays, they were absorbed in each case 
largely in the superficial few inches of flesh nearest the experimental nuclear 
reactors. This means that the bodies of the exposed persons were not 
irradiated uniformly throughout. These radiation exposures were also un 
usual in that the hands and abdomen of the fatally injured individuals 
received an exceptionally heavy dose of radiation, in contrast to the lesser 
amount delivered to the rest of the body. 

The complexity and uncertain quality, as well as the uneven distribution 
of the radiations incident on the bodies of these persons, make it difficult to 
express the doses in a simple manner. However, using reasonable assump 
tions, it has been possible to compute the doses for the hard and soft radia- 
tion components. They have been estimated in terms of the doses in roent 
gens of gamma rays and soft x-rays, to which the effects of this mixed 
radiation are believed to be equivalent. The calculated doses are presented in 
the form of a table on page 293, and the assumptions on which the calculations 

e based are presented in Sections II and X of this report 

The constitutional reaction of the two fatally injured patients followed 
a pattern characteristic of the acute radiation syndrome. The patients 
showed a prompt initial reaction (nausea, vomiting, prostration and mild 
fall in blood pressure) during the first postexposure day; in one case, the 
initial phase was present in less severe form during the second day. This 
was followed by a period of relative well being during which the patients had 
few symptoms, except for those due to the localized damage of the hand 
tissues. Within a week after exposure both patients went into the third, 
or toxic, phase of the syndrome, characterized by increasingly high fever, 


pronounced weight loss and prominent gastrointestinal symptoms. Despite 
supportive therapy, which consisted largely of the administration of whole 
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blood and plasma, fluids and penicillin, death occurred in one patient on the 
ninth post-exposure day, and in the other on the twenty-fourth day after the 
accident. + 

The clinical courses of the two fatally injured patients deviated in some 
respects from that usually associated with the acute radiation syndrome, or 
at least showed exaggeration of some of the features of this illness. In both 
instances, the unusual reactions, or more correctly, the unusual degree of 


reactions, are believed to be related to the uneven irradiation of the body as 


well as to the magnitude of the radiation doses. The more heavily irradiated 
patient, whose course was fulminating and relatively brief, showed paralytic 
ileus of such severity that it required continuous gastric suction. Termi- 
nally, this patient went into circulatory collapse and just before death de 
veloped jaundice and mild hemorrhagic manifestations. The other patient 
had a more gradually developing febrile course and showed complicated side 
reactions. In addition to mild diarrhea and abdominal distention, he mani 
fested a severe stomatitis, which was biphasic in nature. He also had an 
attack of acute paroxysmal tachycardia (presumably an individualized re- 
sponse, since he had Wolff-Parkinson-White syndrome), followed by peri 
carditis of unknown origin He died without showing hemorrhagic phe 
nomena clinically 

In addition to the constitutional reactions, these patients showed ex 
treme damage to the tissues of their heavily irradiated upper extremities, and 
less marked but still severe damage to the skin of their bodies. Unlike the 
usual delayed tissue manifestations of a local nature associated with acute 
exposure to radiation of a limited part of the body, the reaction of the upper 
extremities in both cases was almost immediate. The prompt nature of the 
tissue response was due to the overwhelming doses of radiation delivered to 
these tissues, equivalent to tens of thousands of roentgens of x-rays. Sub- 
cutaneous edema and changes in the peripheral blood flow were noted within 
a matter of minutes or hours. This went on to epidermolysis with blistes 
formation within three days. In the patient who lived 24 days, epidermoly- 
sis proceeded until the skin of the hands and both forearms was lost. Some 
of the exposed dermal tissues showed late ischemic necrosis. In the region 
of the fingers, tissue necrosis progressed to the point of actual dry gangrene 
his patient also showed extensive epidermolysis of the skin of the abdomen 
and epilation of the hair of the scalp and beard. In the other patient, who 
died nine days after exposure, the progression of the damage to the hand 
tissues was controlled by packing the upper extremities in cracked ice. The 
severe reaction of the abdominal skin of this patient had not reached the 
blistering stage at the time of death 

In the case of the survivors, only one of the persons discussed in this 
report developed clinical manifestations of the acute radiation syndrome 
This patient showed an initial reaction, chiefly nausea and vomiting of a 
moderate degree Except for a short bout of fever and prostration of sev 


was asymptomatic for the most part during the two 
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week period of hospitalization following the accident. During the third 
week, he lost some of the hair of the scalp and beard; he also experienced 
pronounced fatigability on exertion when allowed to leave the hospital. The 
severity of the delayed fatigability, which lasted several months, was unex- 
pected in this patient, who otherwise did not appear to be ill. Also, evi- 
dence of severe damage to the germinal tissues was obtained within a matter 
of months following exposure, but this proved to be of a temporary nature. 
Five years after exposure this man is in good health, although he has de- 
veloped bilateral radiation cataracts, the first in the left eye three years after 
exposure. 

The remaining six survivors showed no symptoms of any kind, even 
though the radiation doses of several did not differ greatly from that of one 
of the survivors with symptoms. All of the asymptomatic survivors were 
in good health, three and a half years after the accident 

The clinical laboratory findings in these persons are of considerable 
interest, as they throw some light on the underlying disturbances in body 
physiology caused by acute exposure to such large doses of total body 
ionizing radiation. 

The blood counts showed essentially the same changes noted in the 
Japanese radiation casualties. Thus, pancytopenia occurred terminally in 
the fatally injured patients, and immediate and sustained lymphopenia was 
noted in most of the exposed persons. Neutropenia and thrombocytopenia 
of a moderate degree and temporary nature occurred only in the more heavily 
irradiated persons, one of whom showed a mild fall in erythrocyte count dur- 
ing the second postexposure month. It is interesting, however, that an 
initial and usually marked granulocytosis was observed in all persons, and 
a prompt temporary monocytosis was noted in six of the survivors 
Five of the six asymptomatic survivors developed eosinophilia of probable 
significance. Uncoagulability of the blood was observed in one of the 
fatally injured patients at the time of death, and several of the survivors, 
who had no hemorrhagic manifestations, showed prolongation of the blood 
clotting time. 

The studies of the chemistry of the blood did not reveal changes of a 
specific nature or marked degree. Significant abnormalities were observed 
in one of the fatally injured patients whose blood was carefully studied. 
There was a gradual fall in serum sodium and blood chloride, a terminal 
rise in blood nitrogen and uric acid and a fall in serum calcium. These 
changes were not of a degree sufficient in themselves to cause death of the 
patient. This patient, as well as one of the survivors, also showed an 
increase in the alpha globulin fraction of the blood protein. The studies of 
the urine chemistry were more enlightening. Those patients receiving the 
highest radiation doses excreted large amounts (up to 1 to 2 mg. per ml. 
urine) of urinary amino acids, particularly taurine, as well as greater than 
normal quantities of substances which may be corticoids. The amino 
iciduria is believed to be due to a deficiency in amino acid utilization and 
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possibly to increased tissue breakdown, while the excretion of increased 
amounts of a corticoid-like substance suggests adrenal dysfunction. These 
patients also showed some disturbance in porphyrin and urobilinogen excre- 
tion 

One of the most interesting observations was the radioactivity of the 
tissues induced by the neutrons that had entered the patients’ bodies 
The determination of the amount of radioactivity, particularly in the serum 
sodium, gave the best data from which the neutron doses could be com 
puted. The activities of the blood samples were surprisingly high, amount 
ing to 70,620 beta particles emitted per minute from the sodium alone in 
5 ml. of blood serum in the most heavily irradiated patient; the radiation 
from the induced radioactivity of body tissue, however, contributed little 
to the total body dose and did not constitute a hazard to persons with whom 
the patients came in contact. The radioactivity in a gold inlay in the teeth 
of one of the patients, however, is believed to have contributed significantly 
to the reaction of the adjacent tissues, and this is an exception to the general 
statement above 

Postmortem examination provided further information that helped to 
explain certain clinical manifestations in these patients. Widespread de 
struction was observed in the radiosensitive organs as well as in the super 
ficial tissues which received the highest radiation doses. Although all types 
of cell death (including that, en masse, due to disruption of the blood supply ) 
could be seen, cytolysis of dividing cells was the most characteristic of radia- 
tion damage. Death of cells during or shortly after mitosis was particularly 


conspicuous in the rapidly proliferating tissues. This type of disintegration 
serves to illustrate the fact that many cells fatally injured by radiation are 
capable of surviving until they attempt to divide. In contrast to the rather 
generalized destructive processes, the ductal epithelium of the sweat glands, 


alone among the tissues of the body, showed a marked proliferative response 
his is believed to be secondary to early damage of the cells, rather than to 
represent a primary stimulating effect of radiation. Aside from the destruc 
tive and proliferative tissue changes, an inflammatory reaction was found in 
many tissues. This response was unusual only in the almost complete ab 
sence of granulocytes in the cellular exudate. Changes of a nonspecific 
nature were observed in certain non-radiosensitive tissues such as the liver, 
the adrenals and the kidneys. Tissue damage in these cases is believed to 
he the combined result of primary injury by radiation and secondary injury 
due to the flooding of the body with the products of infection and proto 
plasmic degradation 

Two general conclusions of utmost practical importance may be drawn 
from this study and from the correlation of these observations with those 
reported in the literature. The first conclusion is concerned with the nature 
or physiologic basis of the acute radiation syndrome, and the second deals 
with the present state of the therapy of this type of injury. 
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The conclusion concerning the fundamental nature of the acute radiation 
syndrome is that widespread destruction of tissues throughout the body is 
the basis for the physiologic or clinical response. The destructive processes 
in this disease differ somewhat from those produced by other common toxic 
agents which originate outside the body. In the first place, the tissue dam- 
age and destruction are not confined to the surface of the body but, in the 
case of the penetrating radiations, occur primarily in the radiosensitive 
tissues, wherever they are located in the body. In this third dimensional 
quality, as well as in its selectivity of organ damage, the acute radiation 
syndrome resembles certain chemical poisonings, e.g., benzol, more closely 
than other traumatic injuries, such as thermal and electrical burns and the 
crush injuries. A second peculiarity of the tissue destruction caused by 
ionizing radiation is that it is delayed rather than immediate, as is tissue 
death caused by thermal burns. Furthermore, the delay in the appearance 
of tissue damage varies from one organ system to another. The reason for 
the latent period before tissue damage becomes manifest is that the radiation 
doses usually responsible for the acute radiation syndrome tend to injure 
cells in such a way that many can survive until they attempt mitotic division. 
Since the mitotic activity is inhibited by radiation exposure, cell death does 
not occur until the tissue regains its ability to proliferate. If these peculiari- 
ties of tissue destruction are taken into consideration, the overall clinical or 
constitutional response of an individual with the acute radiation syndrome 
is found to be similar to that observed in other diseases in which tissue death 
is prominent. Thus, many features of the illness of the present patients, 
including secondary reactions such as infection, fluid loss and presumably 
the adrenal response, resemble those seen in severe thermal burns, intestinal 
obstruction and massive gangrene. 

The conclusion regarding the state of therapy of the acute radiation 
syndrome is that at present one can offer only supportive therapy directed at 
helping the individual to survive the acute phase of the illness. Although 
there are a number of means by which tissues can be protected to some extent 
against the damaging action of penetrating radiations, there is no known 
method of saving doomed cells once injury has occurred.* However, there 
is every reason to believe that the regenerative powers of most tissues are so 
great that considerable, if not almost complete recovery will occur if the 
individual survives the critical toxic stage. In this respect, antibiotics, 
transfusions and maintenance of the fluid and electrolyte balance are believed 
to be helpful 


*See Section VI for a report of recent experiments’ which indicate that damage to 
tissue can be modified after irradiation. 
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SECTION | He NATURE OF THE RADIATION ACCIDENTS 
\. Description of the Nuclear Reactions 


B. Comparison of These Nuclear Reactions with an Atomic Explosion 
(. Contrast of These Cases with the Japanese Casualties 


I. Tue NATuRE OF THE RADIATION ACCIDENTS 


\lthough large quantities of fissionable materials have been handled at 
the Los Alamos Scientific Laboratory during the past six years, only two 
serious accidents have occurred as a result of temporarily uncontrolled 
nuclear chain reactions. The first accident took place on August 21, 1945 
lwo persons were directly exposed to the ionizing radiations given off during 
the reaction and immediately thereafter. In the second accident, nine 
months later, May 21, 1946, eight persons were simultaneously exposed to 
radiation \ll persons involved in both accidents were taken immediately 
to the Los Alamos Hospital for observation and treatment 


\. Description of the Nuclear Reactions 
Both accidents were similar in nature. [ach occurred during an ex 
periment designed to test the nuclear properties of fissionable material. In 
conducting such studies, an experimental nuclear reactor called a “critical 
assembly” is used. In the course of an experiment of this type, the nuclear 
fission characteristics of the fissile material are determined during the sys 
tematic modification of either the mass or the geometry of the assembly 
When the assembly reaches a “critical” configuration, it is in a state in which 
i nuclear reaction can be sustained at a certain intensity without increasing 
rr diminishing fhe number of fission neutrons created per unit time 
within such an assembly will just equal the number lost from the reactor by 
escape and by other means. If the critical size of the assembly is exceeded, 
i chain reaction, when started by even a single neutron, will increase ex 


ponentially ; if the critical dimensions are not attained, a chain reaction will 
soon die out Needless to say, the accidents occurred when the assemblies 
unexpectedly exceeded the critical dimensions 

When fissionable material first became available in large amounts, it 
was not technically possible to do critical assembly experiments by remote 
control in such a way that the operators would be adequately protected from 
the effects of a possible accidental nuclear reaction. Thus it was neces 
sary, for about a year, to perform these experiments with operators in 
the immediate vicinity of the assembly, despite the dangers known to be 
inherent in such an operation. Stringent supervision of the experimental 


procedures was relied upon to prevent the assemblies from inadvertently be- 


coming supercritical 
It should be pointed out that, under normal operating conditions, the 


t 


an assembly brought to critical dimensions were of low 
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intensity in the working areas. The daily radiation exposures of the 
operators normally averged much less than 0.01 rem. 


B. Comparison of These Nuclear Reactions with An Atomic Explosion 


It is natural to compare the nuclear reactions in these assemblies with 
those that occur when an atomic bomb is detonated, and to contrast the 
injuries resulting from these accidents with those injuries produced by the 
atomic explosions in Japan. The sequence of nuclear fission reactions in a 
supercritical reactor and in an exploding atomic bomb is identical. The 
primary difference in the two cases lies in the amount of nuclear energy 
released and in the distance of the event from the individual concerned. In 
an atomic explosion, a large amount of nuclear energy is transformed into 
mechanical energy, heat and ionizing radiation, any one of which is suf- 
ficiently intense to cause injury or death to persons within a large area. In 
the Los Alamos assemblies which exceeded critical dimensions, the nuclear 
reactions proceeded to a point where ionizing radiations were the sole type 
of energy that produced biologic damage, and these radiations were in 
jurious over only a limited range. Thus, the injuries reported in this 
paper were due to the action of radiation alone, while those in Japan were 
due to the combined effects of blast, heat and ionizing radiation. Most 
persons in the center of the bombed area of the Japanese cities were sub 
jected to at least two of these damaging physical agents. Cases of pure 
radiation injury, uncomplicated by blast effects (direct and indirect) and 
flash burns, could be found only at the edge of the bombed areas. They 
constituted about 5 to 15 per cent of the total bombing casualties. 


Contrast of These Cases with the Japanese Casualties 


The cases presented in this article are similar in character to the un 
complicated acute radiation injuries observed in Japan. The biologic dam- 
age in both instances resulted from the brief exposure of the entire body of 
an individual to ionizing radiation. In both circumstances, the radiation 
entered the body through the surface closest to the nuclear reaction. 

Certain points of dissimilarity between the composition and energy of 
the incident radiation and the absorption of the radiation in the bodies of 
the exposed persons must be kept in mind when the injuries at Los Alamos 
are compared with those in Japan. These differences are largely the result 
of the inequality of radiation absorption in the medium through which the 
radiation passed before reaching the individuals. In the case of the Japa- 
nese explosions, the radiation traversed several thousand yards of moisture- 
laden air. In the Los Alamos accidents, in contrast, the radiation had a 
short course in shielding materials and a negligible pathway in air. The 
absorption of radiation by the large mass of air in the former situation was 


much greater than that by the comparatively small amount of shielding 


rial around the critical assemblies. Therefore, the incident radiation 
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in the Los Alamos cases was less heavily filtered than that which caused the 
Japanese injuries. This means that the radiation that caused the bodily 
damage in the present series of cases had a higher neutron-to-gamma ray 
ratio than that which caused the Japanese injuries. Furthermore, the 
damaging electromagnetic radiations were less energetic than those in Japan 
and had, in addition, a sizable component of very soft rays, as will be pointed 
out later 

The vast difference in distance between the reaction and the exposed per- 
sons in the two situations also contributed to dissimilarities of dosage dis- 
tribution, as did the uneven shielding of the Los Alamos assemblies. The 
radiation dose, in the case of the Japanese, was usually uniformly distributed 
throughout the bodies. Although the radiation delivered to most of the 
present cases was also uniformly distributed over the body surface, that 
which caused the injury of cases 1, 3 and 4 was uneven in distribution as 
will be brought out later. The severely damaged upper extremities of cases 
1 and 3 had no counterpart in the Japanese victims of the atomic explosions 

It should be emphasized that in neither Japan nor Los Alamos was there 
contamination of the injured persons with radioactive fragments of the 


atoms that had undergone fission 


Section Il. Raprtation Doses 
he Radiations Resulting from Nuclear Reactions 
Radiation Reaching the Bodies of the Operators 


Calculations 
ratior of C1 terist the Calculated Doses 


ll. Rapiation Doses 


The dose of radiation delivered by an x-ray tube of known characteristics 
can be determined by a single measurement with an appropriate instrument. 


The radiations from these nuclear assemblies, however, were so complex 


that physical measurements made at the time of the accidents could not be 


converted directly into dose units. It was not until these radiations had 
been characterized by theoretical and preliminary experimental study that 
calculations of the radiation doses received by the operators could be 
undertaken. [ven at the present time, some properties of the radiation are 
not known; this uncertainty is reflected in the calculated doses. 

Before the radiation dose delivered to the operators can be considered, 
it is necessary to discuss the character of the complex radiations given off by 
the nuclear reactors, and to mention the attenuation and scattering of the 


T wiations escaping trom the ( ritic i] assemblic S 
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\. Character of the Radiations Resulting from Nuclear Reactions 


The ionizing radiations emitted during and shortly after the nuclear 
reactions were neutrons and gamma and beta rays. Following the cessation 
of the fission reactions, gamma and beta radiations were given off by the 
radioactive fission fragments. Absorption of the beta rays by the material 


comprising the assembly gave rise to x-rays of moderately low energy. Both 


moderately high-energy neutrons and hard gamma rays escaped from the 
enclosed assemblies in numbers sufficient to cause serious body injury. The 
beta radiation and x-rays were largely absorbed within the critical assembly 
and surrounding shielding materials. It is certain, however, that enough 
very soft radiation of this type escaped to contribute significantly to the hand 
damage and possibly to the skin damage of the bodies of the two fatal cases. 

\s indicated in the previous section, the time of reaction, and therefore 
the period of radiation exposure, was short, and there was no contamination 
of the exposed persons by radioactive fission products deposited either within 
or on their bodies. 


B. Nature of the Radiation Reaching the Bodies of the Operators 


\ brief consideration of the complexity of the radiations reaching the 
bodies of the operators serves to illustrate the difficulties encountered in com- 
puting the radiation doses. 

The penetrating radiations resulting from atomic fission were tempered 
by partial absorption within the fissionable material itself and in surrounding 
structures. The radiations escaping from the assembly were further modi- 
tied by being scattered from the shielding materials, as well as from the floor 
and walls of the laboratory. Thus the radiation that reached the bodies of 
the individuals was a complex mixture of primary and scattered rays of 
varying energies and intensities. The actual energies of the incident radia 
tion, subjected to these various modifying influences, are known only within 
broad limits, but it is certain that the mean energy of the gamma rays was 
high, while that of the neutrons was considerably lower. The gamma rays 
may be considered to be hard, while the neutrons were only moderately fast 
In addition to these penetrating radiations, there was an unknown but large 
amount of beta rays and very soft secondary x-rays 

To complicate the picture further, the incident radiation mixture was not 
uniformly distributed over the body of some of the individuals. The un 
evenness of the exposure was largely a consequence of the fact that the radia- 
tion flux close to the assembly was nonhomogeneous, due in part to the way 
in which the shielding was constructed. This allowed certain parts of the 
body to be in regions of very high radiation intensity while the remainder of 
the body was in the shadow cast by relatively more effective shielding 


materials 
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Radiation Dose Calculations 


When information about the characteristics of the radiations became 
available, it was possible to use physical data obtained during the accidents 
to compute the total radiation doses received by the 10 operators. Of the 
measurements made during the nuclear reactions (photographic film blacken- 
ing, radioactivity in elements that capture neutrons and other data), perhaps 
the most valuable was that gained from the study of the radioactivity of the 
body tissues. (See Section VIII.) Since the ratio of neutrons to gamma 
rays in the fission process is known, the measurements of the neutron-induced 
radioactivity of the tissues give data from which the total quantity of pene 
trating radiation absorbed by the entire body may be computed. 

The values for the radiation doses were determined by calculating inde 
pendently the gamma ray and neutron doses in terms of megagram roent 
gens. (See Section IV-A.) These two doses were then combined to 
obtain the total radiation dose. The effect of gamma rays on tissue depends 
upon a well understood interaction of the incident radiation with electrons 
of tissue atoms. The gamma ray dose, therefore, is derived by a straight- 
forward calculation in which the uncertainty of the average gamma ray 
energy is the only source of error, and even this error involves but minor 
corrections. The biologic action of neutrons, on the other hand, is de 
pendent upon (a) collisions of these particles with the nuclei of light tissue 
elements, mainly hydrogen; (6) gamma rays emitted by the atomic nuclei, 
also chiefly hydrogen, which finally capture the slowed down neutrons; 
(c) other nuclear reactions. (See Section VIII.) These interactions are 


much more complicated and less well understood than is the absorption of 


gamma rays. This means that there are possibilities for error in the neutron 
dose computation besides that due to the uncertain quality of the incident 
neutrons. Nevertheless, it seems clear that the uncertainty in the degree of 
modification of the energy of the incident neutrons is the most important 
single unknown factor in the radiation dose calculations 


ras_e | 


Radiation Doses in Terms of Energy Absorption 


iients tal Dose 
Neutron Capture * issio urs vagment pono a ac 
me yram . ; > roentgens 
—— ee megagram . 
roentgens roentgen 
ents gens roentgens 


mn 
Ow 1.41 5.0 8.41 
0.12 0.008 0.128 
5.23 +59 0.68 9.50 
1.40 0.96 0.36 2.72 
0.58 0.39 0.07 1.04 
0.51 0.34 0.09 0.94 
0.18 0.125 0.08 0.305 
0.15 0.098 0.034 0.282 
0.09 0.06 0.03 0.15 


cal effectiveness of moderately fast neutrons not considered 
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Best Estimate of Radiation Dose in Terms of y-Rays and Soft X-Ray Equivalent* 


Whole Body* 


Right Leit 
i) v ‘ ) d « Jos . 
™. Ky X-Ray Dose Ray Dose oit X-Ray Equivalent oit X-Ray Equivalent 
juivalent (roentgens roentgens 
roentgens. roentgens 


480 110 20,000-—40,000 5,000—15,000 
31 0.14 

1930 114 3,000—10,000 15,000—30,000 
390 26.4 400-600 
186 10.7 

140 8.7 


+ 


* Delivered as a plane wave from a source at infinity. 
** Not including very-soft secondary radiation; average gram-roentgen per incident 


roentgen is 0.21; R.B.E. taken as 5. 
*** Estimate in terms of soft x-rays, including secondary radiation; R.B.E. factor taken 


is 5 


The calculated radiation dose received by each operator is listed in 
tables 1 and 2. These values have been taken from a report by one of the 
authors (Hoffman, 1947). Table 1 gives the breakdown of the radiation 
doses into their gamma ray and neutron components on the basis of the 
energy delivered by each to the tissues. The megagram-roentgen, the dose 
unit used in this table, is defined in Section IV-A. The first column of 
table 1 indicates the energy that is lost by the fast neutrons as a result of 
being slowed down in the tissues by collisions with the light atomic nuclei 
and by nuclear reactions with tissue nitrogen involving proton emission. 
The second column gives the radiation dose due to hard gamma rays emitted 
by the tissue atoms upon capture of the slow neutrons. The third and fourth 
columns list the radiation doses due to the gamma rays emitted in the first 
instance during the fission burst and in the second by the resultant radio- 
active fission fragments. It is clear from this table that most of the energy 
dissipated in the bodies of the exposed operators has come from the inter- 
action of tissues and neutrons. Thus, well over 75 per cent of the dose of 
penetrating radiation in all cases except case 1 is accounted for by the values 
given in columns 1 and 2. 

It must be emphasized that table 1, which gives the basic data for all 
dosage considerations, may be misinterpreted unless certain facts are kept 
clearly in mind. In the first place, the great efficiency of neutrons in causing 
tissue damage is not taken into account in these physical data. When this 
biologic factor, the so-called relative biologic effectiveness (the R.B.E., more 
fully discussed in Section IV-A), is taken into consideration, the values in 
column 1 are raised by a factor of at least four or five. Secondly, the 
neutron dose, presented in column | in terms of the total energy dissipated 
in the entire body divided by body weight, is expressed as if the neutron 
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recoil energy were uniformly absorbed throughout the body. This is not 
true, since the path in tissue of neutrons of this energy is short, and there 
fore the energy from neutron collisions was absorbed largely in the superficial 
few inches of tissue rhus the neutron recoil dose was limited to the su 
face tissues, rather than distributed equally throughout the body. This 
short neutron path, which concentrates energy loss in the superficial tissues, 
increased the damage done by neutrons in these tissues. Thirdly, the high 
total neutron dose, which can be obtained by adding the values in columns 
1 and 2 in table 1, must not be interpreted as indicating that the radiation 
mixture given off during the nuclear reaction was composed predominantly 
of neutrons. Rather, it signifies that the incident neutrons, due to their 
limited range in tissue, were almost completely absorbed by the tissues, 
while the more penetrating gamma rays lost only a fraction of their total 
energy as they passed through the bodies of the operators. 

Table 2 attempts to take into account the biologic considerations just 
mentioned, and gives the doses in terms of the biologic equivalents of theit 
low-penetrating and high-penetrating components. It is consistent with the 
physical facts, so far as the depth dose distribution is concerned, to think 
of neutron recoil dose as resembling that of soft x-rays, provided the relative 
effectiveness of the two types of radiation is taken into consideration. It 
must be realized, however, that this method of presentation is, at best, only 
an approximation, since the R.B.E. is not constant for different tissues or 
various biologic effects, and the distribution of tissue dose in the case of 
moderately fast neutrons is not identical with that of soft x-rays. Never 
theless, an R.B.Ee. (between neutrons and x-rays) of 5 was used in these 
calculations, and 80-kilovolt unfiltered x-rays were chosen to approximate 
the depth dose distribution in the body produced by the neutrons in ques 
tion. The value of the R.B.E. was taken from comparisons of the acute 
lethal actions of neutrons and gamma rays on animals, and is undoubtedly 
low for many biologic effects, particularly those of a delayed nature. Despite 
these limitations, inherent in attempting to simplify doses of complex radia 
tion by converting them into equivalent roentgens of gamma rays and soft 
x-rays, it seems worthwhile to present the physical data in this manner in 
order to facilitate comparison with previous clinical and experimental data 
on exposure of the whole body to radiation 

Since expression of these radiation doses in this manner involves the as 


sumptions just discussed, it has been suggested that the actual doses can best 


be considered in terms of the specific activity of the sodium in the blood serum 
of the irradiated subjects. These values, presented in table 3, refer to the 
umount of radioactivity per milligram of serum sodium. The specific 
activity of serum sodium is an index of the number of neutrons absorbed in 
the whole body, and has been used here as the basis for the calculation of the 
neutron doses given in table 1. (See also Section VIII.) As the neutron 
dose in these accidents constitutes 80 to 90 per cent of the total dose when 
the R.B.E. is taken into account, the specific activity of the serum sodium 
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Specific Activity of Serum Sodium Corrected for Decay 


Disintegrations per 
econd per milligram sodium 
18.0 
1.1 


— ay 


6) 
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5 
7] 
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may be considered to give a good approximation of the total body dose 
delivered by penetrating radiations. It is dependent, to some extent, upon 
neutron energy, but corrections due to this variation are probably not so 
great as the errors introduced by converting the data into conventional dose 
units. It should be remembered, however, that in considering the radiation 
dose in terms of the sodium specific activity, account must be taken of the 
amount and location of the exposed tissue. Thus, the induced activity due 
to exposure of a single limb, such as the forearm, should not be confused 
with that due to whole body irradiation. If these limitations are kept in 
mind, however, it seems true that the specific activity of the serum sodium, 
a measurable value not subject to the uncertainties of dose computation and 
the difficulties of expression in conventional terms, may be used as a con 
venient arbitrary unit in comparing relative doses in radiation exposures of 
this type 


L). Further Consideration of the Characteristics of the Calculated Doses 


It is important to stress certain other features of the calculated doses 
In the first place, the hand doses, unlike the body doses, are not substantiated 
by good physical measurements; instead, they are based on an estimation of 
the length of time during which the hands remained in a region of known 
radiation flux. The possibility of error in making such a guess must be 
kept in mind when the response of the hands is considered. Secondly, the 
fatal doses quoted for cases 1 and 3 do not take into account the unknown 
quantity of very soft secondary radiation delivered to the upper extremities 
This type of radiation undoubtedly was responsible for a significant part of 
the reaction of the hands and forearms. Thirdly, in cases 1, 3 and 4, where 
the radiation dose was non-uniform, the values represent the average dose 
delivered to the entire body. As will become evident when the case histories 
are presented, the midsection of the torso of cases 1 and 3 undoubtedly 
received much more than the average dose listed in tables 1 and 2, while the 
legs and head received a smaller dose. Fourthly, it ts important to realize 
that, although the absolute doses of the 10 operators may be questioned, the 
doses relative to one another, particularly as is indicated by the specific 
activity of the serum sodium, are probably quite accurate. The relative 
doses, therefore, may be used with confidence when the reactions of the 
different operators are compared 
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Summary 
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{ ourse 
ASE 1 


CLInicaAL History 
5 minutes after the 


| unmarried man was brought to the hospital 
was touching the experimental critical assembly when the chain 
Che radiation delivered to his body was not uniformly distributed 


thi 26 ve if 


first accident He 





reaction took place 
His hands received a very large dose of radiation, the right more than the left, and 


the abdominal dose It is in 


e was greater than that delivered to the rest of the body 


possible to estimate accurately the radiation dose received by the hands and arms 
but it ems likely that the right hand received between 20,000 and 40,000 rem 
t man) of soft radiation,* while his left hand received 5,000 to 
e delivered to the body (exclusive of the very-soft radiation to 


veen calculated to be equivalent to 480 roentgens of 80-kv 


{roentgen equivaliel 


15,000 ret Ihe 
his upper extremities) has | 
x-rays and 110 roentgens of gamma rays 
The past history was unusual in that the patient was known to have a cardiac 


scovered three vei 


before, and subsequently diagnosed as Wolff 
ne attack of paroxysmal tachy 


ibnorma \ t irs 


Wi ite ynarorme He hac 


Parkinsor 1 experienced o 
* A rem or roentgen equivalent man is a dose unit applied to radiations other than x-rays 

r gamma rays. One rem is defined as that amount of radiation which produces the same 
Section IV for further discussion of 


biologic effect as one roentgen of hard x-rays. See 
ind other Ose nits 
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cardia of short duration but had suffered no other cardiac symptoms. His blood 
pressure had always been normal (120/80 mm. Hg), and his heart was not enlarged 
to percussion or in chest roentgenograms. Although the patient had worked with 
various types of radiation-producing physical equipment, his exposure to external 
radiation was irregular and not excessive. His daily exposure was known to have 


averaged less than 0.01 rem (roentgen equivalent man) of neutrons and gamma rays 


3lood counts and urinalyses had been normal 


Vedical Findings on Admission to Hospital 

The patient was a heavy-set, moderately obese young man in good physical con- 
dition. His only subjective complaint on admission to the hospital was numbness 
and tingling of both hands. The oral temperature was 99° F.; respiratory rate, 20 
er minute; pulse rate, 68 per minute; blood pressure, 120/70 mm. Hg. The skin of 


I 
the forearms, neck and face was reddened as a result of sunburn two days before 
I 


<xamination of the heart and other organ systems indicated no abnormalities. The 
significant physical findings on admission to the hospital were limited to the hands 
rhe right hand was diffusely and tensely swollen. The skin of this hand was pallid 
but warm. There was some swelling of the index finger and thumb of the left hand, 
with a suggestion of redness of the grasping surfaces of the terminal phalanges of 


these fingers 
Course 


The story of the illness of this patient is very complicated. It can be described 
most clearly by considering the general condition and then the reaction of the individ 
ual organ systems, rather than by describing the chronologic events of the illness as a 
whole 

General Condition: After an initial 24-hour period of gastric distress and prostra- 
tion, the general condition of the patient improved, although he continued to be very 
weak. Numbness in both hands was replaced by gradually increasing pain, which 
became the outstanding symptom during the first week. The patient had a slight 
irregular fever from the time of admission to the hospital. On the fifth day there was 
a rise in temperature associated with tachycardia. The fever became progressively 
higher until it exceeded 106° F. rectally on the twenty-fourth day. In the course of 
the illness, the patient’s condition deteriorated steadily. He lost a great deal of 
weight and his appearance changed markedly. There were occasional periods of 
mental confusion during the early stages of the illness. The sensorium remained alert 
and morale was excellent until several days before death, when the patient became 
irrational He became comatose on the twenty-fourth day and died on the afternoo 
of this day 

Extremities: Right Arm (Plates I to IX *): Brawny edema of the right hand 
was observed within 30 minutes of exposure. The swelling increased rapidly during 
the first day and gradually extended up the extremity to involve the forearm and upper 
arm almost to the axilla on the seventh day. About 36 hours after the accident, a 
small blister was noted on the volar surface of the third finger of the right hand. The 
nailbeds of all fingers had become cyanotic by this time and the skin, of the hand 
which had been warm, was cool to the touch. The blister increased in size through- 
out the dav (Plate 1), and within 24 hours other bullae developed on the palmar and 
dorsal surfaces and on the interphalangeal surfaces of the fingers (Plate II). These 
blisters grew larger in a matter of hours; they varied considerably in size and all 
were tightly distended with fluid. The largest bulla, that in the palm, measured 5 by 
5 by 3 cm. (Plate IIT) Skin sensation of the hand gradually diminished and was 
absent after the third day. There was intense cyanosis of the skin of the hand on the 
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and absorbent pressure dressings were 
ine gauze The blister fluid 
Subsequent to the openi 


lermolysis. B 


flexor 
rhe dorsal surface 
involved 


tinpert 
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assum h ip] of dry gvangrene 
become quite dry and (Plates VIII and IX) 
ght ned, evet aS h the patient was un ler 


was |e 1 ipper arm. During the third 
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week the viable tissues of the hand were covered with a moderate amount of sero 
fibrinous exudate and the superficial dermis showed a patchy iscl 


Left Arm (Plates I, II, III, X through XIV): The initial examination of the 


mic type of necrosis 


revealed some swelling of the index finger and thumb, with slight redness 


the grasping surfaces. The edema of the left hand and arm gradually became more 
evere but was never so marked or so extensive as that of the right arm. A mild 
erythema of the skin of the hand and of the distal portion of the forearm was observed 
lay. The skin at the base of the thumbnail had assumed a mottled 

appearance by the fifth day. During the second week, the swelling of the 

hand diminished somewhat and the erythema faded slightly, but the cyanosis 
thumbnail persisted (Plate X) The skin reaction which was limited to the 

and wrist was most marked on the volar surfaces There was a rather distinct 

» of demarcation separating the erythematous from the normal-appearing skin. On 
the eleventh day the patient complained of a sensation of tightness and dryness in the 


1 


} line ointment was smeared on the 


skin of the hand 4 mixture of zinc oxide and vase 
] 


1 
Skit in 


a light dressing was applied. On the thirteenth day, when the bandage was 
removed, it was observed that the reddened portion of the skin had become the site 
i large blister involving the entire palm, part of the dorsal surface of the hand, 
humb and the flexor surface of the wrist rhis blister was more extensive 

of the right hand; in contrast to them, however, it was only partially dis 

ded with fluid Che dead skin was removed under general anesthesia on the fifteent! 
(Plates X and XII) rhe underlying tissue appeared healthy except in the 
of the thumb, where dry gangrene was already evident. ‘The desquamation of 
vidermis gradually progressed until almost all the skin of the dorsum of the 


, 
! 
rm and hand was lost The deeper tissues did not become gangrenous except 
e region of the thumb 


Skin of the Torso and Face (Plates XV to XVIII): Erythema of the skin of the 


o and face was first evident on the third day of the illness It was most noticeable 


the exposed parts of the neck and face which had been sunburned previously. The 
protection afforded by a light cotton shirt worn at the time of the accident was readily 
ipparent The erythema of the body slowly increased in intensity, became duskier 


1 


and during the second week developed a sharp, irregular edge. Blebs appeared 


superficial layers of the skin of the torso on the seventeenth day The groins 
wed the earliest and the most extensive desquamatior The raw surfaces in this 
and thereafter were exceedingly tender. By the twentieth 


1 


l he abdomen and of the left side of the chest had become 
a picture of a third degree burn (Plate XVIII). During the 
he illness, the margins of the skin adjacent to the burned area 

| with brown perifollicular spots 
of the face and neck pec led on the nineteenth day [he reaction was 
| not exudative. Considerable pigmentation was lost and the skin of the 
i pallid color and appe ared tightly stretched over the bones of the face 
Che patient had a rather prominent pigmented naevus on his right 
is thought to have decreased slightly in size by the third week, althoug!l 
surements were made. No spontaneous hemorrhages or icterus were 

| throughout the illness 

On the fourteenth day the conjunctivae became reddened and the patient 


complained of burning and tearing rhis condition persisted for several days 


Hair: Loss of hair in the region of the right temple was first observed on the 
seventeenth day. Epilation progressed for several days until both temples and the 
frontal portion ot the scalp were almost completely bald (Plate XVIT) Loss of the 
beard did not occur until the nineteenth day Although there appeared to be no 


pontaneous | vebrows, the individual hairs could be pulled out with ease 
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pubic hair was shed to a great extent as the epidermis of these regions 
quamated. There was incomplete loss of axillary hair 


Gastrointestinal Tract: During the first 24 hours after the accident the outstanding 
nplaint was severe gastric distress, manifested by nausea and repeated episodes of 
ginning one and one-half hours after exposure. At times 

vomited almost continuously During the second day, the 

but the patient no | r vomited. He suffered from prolonged 

hiccoughing during this day There was no diarrhea or abdominal d 
48 hour period, the patient’s appetite improved and he ate 


he complained of a “canker sore” on his tongue. He became 

after eating and experienced cramping, generalized abdominal 

xamination of the abdomen revealed moderate distention and tenderness to 
valpation, most marked the right upper quadrant. Peristaltic sounds were 
The abdominal cramps were not relieved by enemata or rectal tubes 


mit distention became more s ! persisted for several days, after 


it disappeared completely welfth di the mucous membrane of the 


mouth had become tl a get liz inflammatory reaction (Plate XVI) 


pseudomembrane covered almost the entire oral mucosa 
thick and white on the edges of the tongue, in the floor of 
gion of the buccal mucosa adjacent to the line of closure of 
soft palates and ynx were so seriously 
bleeding fron len, cracked lips. The moutl 

food and drink. He complained of 


caused him to gag and to vomit o1 


necessar\ give fluids parenterally for several days 


mucous membr: ; subsided gradually, and on the eighteenth 
white membrane covering small ulcerated 
buccal mucosa There was concomitant 
healed The improvement in the buccal 


temporary In the terminal davs of the illness, the 
1 
l 


] ] 3] 


appearance and a targe uicet with a ragged necrotic has« 


The food and fluid intake remained goox howe ver, until 
S 


the twelfth day The stools from this 


ind Irequent 


System: During the first few days of the patient's illne 
light exertion, such as on sitting up in bed 
24 hours from 120/70 to 100/60 mm. Hg, but ther 
av. On the fifteenth day, shortly after receiving 
fluid, the patient became apprehensive and com 
He became pale and his skin felt cold and clammy 
105°] His respirations were rapid and 
mu Hg Examination of the heart reveal 


r minute) which was shown by electrocardiog 


ated attempts at vagal stimulation 
ing and quinidine orally) 
ntv-four hours afte 
d a more normal ra 
left border of the sternum 
Electrocardiogray 


sixteenth day after « 
the heart which at 
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LABORATORY Data—Case 1 


Urinalysis 


Microscopic 


1.023 0 no cells or casts 

1.019 faint trace occ. WBC, urate crystals 

1.023 trace 4 WBC/HPF, occ. RBC, +4 
urate crystals 

1.016 0 2 WBC/HPF, occ. RBC, 
+++ urate crystals 

1.018 urobilinogen positive in 1: 100 
dilution . 


Gross urine specimens during last two weeks of illness showed a heavy pink sediment 


Stool Examination 


s After Exposure Guaiac Mucus 


4 negative 
10 negative 
12 negative 
16 negative 
1 undigested food particles 


Blood Chemistry 


Days After Non-Protein Nitroger 
FE-xposure mg. % 


14 38 
Sedimentation Rate 
Days After Exposure Rate 


10 16 mm. per hour 


Urine Chemistry 





0.9-1.1 


Urine Amino Acids* 


Unknown} Unknown 
Below Below Other 
nine Valine 


Leu 
ine 


0 1.5 hydroxyproline 
serine-—trace 
alanine—trace 
irginine—trace-—-0.1 


ipproximate concentrate 
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LABORATORY Data—Case 1—Continued 


Neutron-Induced Radioactivity of Serum and Urine 


Na™ 


uinter efficiency of 0.15 
not determined chemically but assumed from tables of normal value 


Neutron Induced Radioactivity of Body Tissue 


12 days after exposure—bdk, on portable Geiger 


1 from teeth 





rhe friction rub disappeared on the twenty-second day 
liac enlargement, as determined by percussion, persiste¢ 


heart increased gradually but the rhythm reverted 
Hg) fr the 


1 until 
to the 


blood pressure remained low (100/60 mm 
tac hveardi: death 
‘ 
irregular and more 
the patient’s lips wet 


d throughout 
' the 


appeared to be m 
1,500 c.c. per day, ev 
evidence of significant kidney damage 


I lon the nineteenth day 


opservet ( 


below 





¢ 


symptomatic procedures. Initial treatment 


I 
hem by means of ice packs. A paraverte 


day in an 


the burns on 


attempt to improve 


the hand were 


rressure dressings 
$ débrided so that 


four hours, was given 


wound 
fate, 0.4 gm. very 
} . “slar i 
Intramuscular 1 


uchycardia njections ot 
hours after the sixth day 
1 The patient was placed on a 
f thiamin 


ht Codeine 


et 
needec 

including 30 mg. o 
is kept rbove 3,000 
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During the periods of gastrointestinal distress, and terminally, it was necessary to give 
Two pints of blood were administered on the fourteenth and 


fluids parenterally. 
fifteenth days. Transfusions and other types of intravenous therapy were not em- 
ployed thereafter because of the patient’s cardiac irregularity and his poor superficial 
veins. The veins in the antecubital fossa could not be used because of the tissue 
reaction on this region. The ankle and foot veins were small and almost impossible 
to cannulate, particularly in the terminal stages of the illness 


HEMATOLOGY 


rhe preexposure 


Blood counts previous to the accident had always been normal. 
the differential 


total leukocyte counts varied between 6,100 and 9,200 cells per mm 


icture was normal 


1 
t 

Blood counts were made twice daily after the accident Che quantitative changes 
n the formed elements of the blood are shown in the accompanying graphs (p. 304) 
isted of (1) two 


ind in Appendix III. The main changes in the leukocyte count cons 
granulocytosis, one lasting from the time of the accident to the seventh day, 
(2) a prompt and persistent 


periods oI g 
from the fifteenth to the eighteenth day; (2 
ll leukocyte types. The 


lymphopenia, and (3) terminal and pronounced fall of all 
itelet count fell moderately during the period between the two waves of granulocy- 
and again before death. There was a gradual fall in the red blood cell count 
lobit The reticulocyte count did not change significantly. The pro- 

in abnormal lymphocytes refers to cells containing more than an 


ind hemoglobi | 
This will be discussed later 


the other 


vressive increase 
arbitrary number of neutral red refractive bodies 
An interesti! g sequence of cytologic change s could he ob erved im the white blood 
cells after exposure, more evident in fixed films stained with Wright's stain than in 
supravital preparations. It is interesting to note in the following discussion that, of 
hree cell types, the lymphocytes appeared the most normal qualitatively until the 


riness 


al stages of the 


Lymphocytes (figures 2 to 6) 
lymphocytes showed progressive cytologic changes, more marked in the 
the cytoplasm rhe first evidence of nuclear change could be observed 
stained with Wright’s stain during the latter part of the first week 
his consisted of a gradual modification of the texture of the nucleus 
basophilic to a smoother, less granular 
hematoxylin. Simultaneously, there was a patchy condensation of 


consistency that stained less 


pale staining areas in between, which imparted a blotchy appearance 
The nuclear chi progressed until any of the cells in the 

blood just before death appe ared to be in the process of actual disintegra 

tructure of the nuclei of many of the cells at this 
ntranuclear vacuoles 4 and 6 


Iness showed hyperchroma 


inges 


was complete loss of 
the formation of prominent i1 
he lyn phocytes seen in the late stages ol the il 
Occasional lymphocytes showed shrunken pyknotic 


lood were very irregular in shape, 
almost divided the nucleus in 


nuclear membrane 
rhe nuclei of some cells in the peripheral b 
indentations which, in one of the observed cells, 
figure 5). One lymphocyte in the same fi 


Im showed small nuclear pseudopodia 
There was considerable variation in the depth of staining of the lymphocytes, with 
some cells staining so faintly that they presented a ghost-like appearance. One lym- 
seen in the blood specimen obtained on the twenty-fourth day showed a 
staining characteristics of about three-quarters of the nucleus; the 
relatively 


phocyte 


lisappearance of 
st of the nucleus and the cytoplasm appeared normal (figure 3) Some 
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hocytes in the peripheral blood on the day before death, how 


appearance except for minor nuclear changes 


of the circulating lym 
ever, were surprisingly normal in 

Ihe cytoplasm of the lymphocytes also showed changes. There was an increase 
the cytoplasmic basophilia in young large cells as well as in the small lymphocytes 


second week, at w h time 


haracteristic cells of infectious 


granules were seet m fixed 
in the 


14 
be 
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In an effort to express quantitatively this increase in the number of the neutral 
red-staining refractive bodies seen in supravital preparation, it was decided arbitrarily 
to designate any lymphocyte containing more than five of these bodies as abnormal. 
rhe increase in the proportion of lymphocytes abnormal in this respect is shown in 
the accompanying chart (p. 304). It has been demonstrated previously that less than 
20 per cent of the lymphocytes of persons not exposed to ionizing radiation or toxic 
chemicals show this abnormality (Dickie and Hempelmann, 1947) 

rhe proportion of large young lymphocytes was increased in the terminal stages 
illness These young cells showed the same nuclear changes as the small 


ocytes. There was an increase in the size of many of the lymphocytes 


(hgures 7 to 9) 


1 


oxic granules were seen in the polymorphonuclear neutrophils within 24 hours 

exposure. There was a gradual decrease in the number of specific granules noted, 
particularly in supravital preparations, concomitant with the appearance of the large 
toxic granules (figures 7 and 8). These toxic granules became increasingly promi- 
nent and deeply basophilic until they all but obscured the nuclei of the cells in the 
terminal stage of the illness Chey attained a size of 0.5 to 1.0 micron, and stained 
much more deeply with hematoxylin than did many cell nuclei. Although they varied 
size from cell to cell, the granules in a single cell were quite uniform in appear 

Chere was some vacuolation of the cytoplasm of the neutrophil, but as a rule 
vas not so conspicuous as the toxic granulation Ihe cytoplasmic membrane 


any of these large cells was faint and in some instances appeared to have rup 
tured, with discharge of the cytoplasmic granules. The toxic granules did not stain 
vith metachromatic dves, and their staining characteristics were not destroyed by 
ncubation of the methyl alcohol-fixed films with ribonucleas 
letails of nuclear structure were difficult to see because of the toxic granu 
» ceils. During the last week of the illness, many of the nuclei appeared 
n and pale. The nuclei of occasional cells showed prominent vacuolation 
Che decrease in nuclear basophilia was very marked, particularly in the 
lls. A few nuclei of the neutrophils seen in the blood samples taken during 
the terminal phase of the illness were’ shrunken and pyknotic 
rhe neutrophils appeared to become much larger than usual; some of those in 
the blood the day before death had a diameter about three times that of the erythro 
cytes. The increase in size may have been due, in part, to the distortion of the cells 
during fixation 
During the initial granulocytosis, there was surprisingly little shift to the left 
the hemogram After the first week, however, an increasing number of “band” 
l metamyelocytes was seen a ay niyelocytes were occasionally found The 
] 


s showed marked toxic granulation. 


iorms ane 
young cel 


Eosinophils were found even on the last day of the illness. They appeared rela- 
tively normal in appearance, although perhaps somewhat deficient in granules 3aso 
phils could not be identified during the last week of the illness It is possible that they 


resent but could not be distinguished from the toxic neutrophils 


fes (figure 1) 


The monocytes showed an unusual type of vacuolation of the nuclei beginning 


eighth day after exposure. This change was observed in all cells of the 
ries. As it became more prominent, it imparted a “lacy” appearance 
(figure 1) During the last week of the illness, the nuclear vacuolation 
ronounced th nanv of the cells ap; ) ' » verge of disinte 
vtoplasm o * monocytes ; relatively normal in some cells 


aining ¢ 
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Monocyte in blood smear taken on the tenth day after exposur« 
pearance of the nucleus due to vacuolation 





« ‘i " 
= ina 


Fic. 2. Lymphocyte from blood smear taken on the twenty-fourth day showing the 
patchy deposition of chromatin in the nucleus. This cell is considerably larger than the 
sual lvmphocvte 
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Fic. 3. Lymphocyte from blood smear taken on the twenty-fourth day after exposure 
The cytoplasm and the portion of the nucleus in the upper left-hand corner appear fairly 


normal but most of the nucleus has almost completely disappeared 


pa So “ft 


5 = 





Lymphocyte from a blood smear on the twenty-fourth day, showing marked vacuo 
lation of the nucleus 
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phocyte from a blood smear on the twenty-fourth day, showing marked irregu 


of the nucleus The right hi f tl nucleus appears shrunket 





& 
e 


lood on the twenty-fourth day, showing son 


rge basophilic granules in the cytoplasn 
g t . 
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Fic. 7. Young neutrophil seen in the blood smear on the twenty-fourth day of the illness 


Note the large deeply staining toxic granules and the very pale-staining nucleus 





Neutrophil in the blood smear taken on the twenty-fourth day, showing the very 


tightly packed toxic granules. The diameter of this cell is approximately 144 
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clear neutrophil from a blood smear on the twenty 
ulation of the cytoplasn 


tion of the nucleus and toxic granulz 


fourth di 


Platelets were evident, although in diminished numbers, even during the terminal 
of the illnes They seemed to be larger than normal in the supravital prepara 


during the last week of the illness. 


Varrou 
Studies of the bone marrow were not done before death 


PATHOLOGY 


Appendix I-A for gross protocol and the following case summat 


f the histologic observations 


SUMMARY 


Clinical History 


his patient, a 26 year old man, was seen at the Los Alamos Hospital 
He received a dose of total-body 


within 30 minutes of the first accident. 
radiation estimated to be equivalent to 480 roentgens of 80-kv roentgen-rays 
and 110 roentgens of gamma rays. His hands received considerably more 
radiation, equivalent to 5,000 to 40,000 roentgens of 80-kv roentgen-rays 
He became nauseated within one and one-half hours and vomited inter 
mittently for the 24 hour period following exposure. His blood pressure 


fell slightly During the second day after the accident the patient's condi- 
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tion improved but he continued to be nauseated and to hiccough. From the 
third to the sixth day, the patient felt relatively well despite a slight fever. 
From the sixth day until death on the twenty-fourth day, the patient became 
increasingly toxic and lost a considerable amount of weight. The terminal 
rectal temperature exceeded 106° F. On the tenth day after exposure he 
developed a generalized stomatitis, mild paralytic ileus and diarrhea. The 
stomatitis reached its peak in several days and then subsided, only to re 


appear terminally in the form of necrotizing ulcers. The abdominal dis 


tention lasted only a few days. ‘The diarrhea, however, persisted until 
death. Following intravenous medication on the fifteenth day, the patient 
had an attack of paroxysmal auricular tachycardia which lasted 24 hours. 
When the tachycardia ceased, electrocardiographic studies showed the heart 
to have nodal rhythm. Clinical signs of pericarditis were noted on the 
seventeenth day. Treatment of the systemic reaction consisted of the ad 
ministration of penicillin, high fluid intake, thiamin chloride and two blood 
transfusions. 

In addition to the severe toxic systemic reaction, the patient showed the 
progressive development of localized tissue destruction in both upper ex- 
tremities and on the abdomen due to intense irradiation of these parts of the 
body. Both hands were swollen with a brawny edema within 30 minutes 
of exposure. The edema, more pronounced in the right hand and arm, 
spread to involve almost the entire upper extremities. This inflammatory 
reaction reached its maximum during the second week after the accident. 
The right hand began to blister 36 hours after exposure. The left hand, 
less heavily exposed than the right, did not show epidermolysis until the 
thirteenth postexposure day. The epidermolytic process spread until almost 
all the skin of the right forearm and that of the distal half of the left forearm 
had been lost by the time of death. Initially, the denuded surfaces exuded 
large quantities of yellow fluid, but during the second week the tissues be- 
came progressively less moist until, at death, there was dry gangrene of all 
the fingers of the right hand and of the thumb of the left hand. Some of the 
dermis showed superficial white ischemic necrosis. For the two weeks 
following the accident, the injured hands were very painful. Treatment of 
the injured tissues consisted of débridement and the use of pressure dressings. 
Drugs controlled the pain incompletely. 

The skin of the patient’s abdomen became erythematous on the third 
day and began to blister on the seventeenth day. All the epidermis of the 
abdomen and lower chest was lost by the time of death. This reaction was 
most severe and painful in the groin, where considerable maceration of the 
tissues occurred. The hair of the temples and beard started to epilate on 
the nineteenth day. Loss of hair was almost complete at the time of death 


Clinical Laboratory Findings 


The leukocyte count showed an immediate granulocytosis which was 
sustained for five days, and a second relative increase in granulocytes from 
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the fifteenth to the eighteenth days. LLymphopenia developed promptly and 
was sustained. Agranulocytosis developed terminally. The erythrocyte 
count and the hemoglobin level showed a gradual decline after an initial 
increase during the fourth and fifth days. The platelets fell during the 
period from the eighth to the twelfth days and again terminally. The re- 
ticulocyte count did not change. There was a progressive increase in the 
proportion of lymphocytes containing an abnormally large number of refrac 
tive neutral-red staining bodies 

Ihe lymphocytes showed a gradual change in the nuclear pattern, which 
progressed from patchy condensation of chromatin to frank disintegration, 
with conspicuous intranuclear vacuoles. The cytoplasm also became vacuo 
lated, and prominent basophilic granules could be seen in films stained with 
Wright's stain. At the time of death, many of the circulating lymphocytes 
were dead or disintegrating, but some appeared relatively normal. ‘The 
appearance of the neutrophilic granulocytes was modified sooner than was 
that of the lymphocytes. During the second day, the specific granules de- 
creased in number and prominent toxic granules were seen. The toxic 
granulation increased progressively during the course of the illness. The 
nuclei of the neutrophils became pale and often showed vacuolation in the 
latter part of the illness. The proportion of young cells did not increase 
until the second week The monocytes showed a peculiar type of intra 
nuclear vacuolation. ‘The platelets increased in size terminally. 

The urine output was good throughout the illness. The specific gravity 
was always high There was no albuminuria \ trace of bile and a posi 
tive urobilinogen test in a 1: 100 dilution were observed in the last urine 
specimen. The stool became liquid but did not contain gross or occult 
blood except during the height of the gastrointestinal reaction. The quan 
tity of corticoid-like substance * and amino acids in the urine was greatly 
increased on the twenty-fourth day. Radioactive sodium and phosphorus 


(induced by the interaction of neutrons and tissues) were measured in the 
urine excreted during the first day. Radiosodium but not radiophosphorus 


was also observed in the blood serum 


Gross Findings: The body was moderately obese and showed evidence 
of recent weight loss. The most striking lesions noted on examination of the 
exterior of the body were (1) the extensive burns involving hands and fore- 
irms and the anterior portion of the midsection of the torso, and (2) the loss 
of hair in the bearded area and on the anterior part of the scalp. The burn 
on the body had a moist granular appearance, and the transition from de 
nuded to normal-appearing skin was usually abrupt. There was pig- 
mentation of a punctate nature around the margins of the burn. The burns 
on the swollen forearms had the same appearance as that on the abdomen, 
but the desquamated portions of the hands, particularly the right, had a 


like” is defined in Section VII-B-I 
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white, opaque, parchment-like quality. There was advanced dry gangrene 
of all fingers of the right hand and of the thumb of the left hand. The loss 
of hair was almost complete in the bearded area, but was incomplete in the 
epilated portion of the scalp. The eyebrows showed some hair loss, and 
the remaining hairs could be pulled out easily. 

Aside from the burns and the epilation, the only other findings of note 
in the external examination were the presence of several ulcers in the buccal 
mucosa and a slight yellow tinge to the skin. 

Examination of the thoracic organs revealed an extensive serofibrinous 
exudate covering the pericardium of the hypertrophied heart, as well as a 
moderate amount of edema in the dependent portions of the lungs. The 
pericardial reaction was most striking over the left ventricle, where the thick 
exudate was hemorrhagic. Besides the hypertrophy of the myocardium of 
both ventricles, there were dilation of the right side of the heart and thicken- 
ing of the endocardium over the interventricular septum. 

The abdominal organs showed moderate enlargement and flabbiness of 
the liver and spleen. There was marked atrophy of the Malpighian bodies 
as visualized on the cut surface of the spleen. The intestine showed no 
abnormalities other than marked injection of segments of the ileum and a 
solitary ulcer in the transverse colon. The genitourinary organs were nor- 
mal except for the presence of two ischemic infarcts in the right kidney and 
a decrease in size of the testes. The adrenal glands were normal in size and 
appearance. 

The most obvious change in the appearance of the blood-forming tissues 
was the watery consistency of the red marrow. Although many lymph 
nodes were somewhat smaller than normal, those in the axillary and inguinal 
groups were swollen. The blood was clotted in an apparently normal fashion 
at the time of autopsy. 


Microscopic Examination (See photomicrographs in Appendix I-A) 


Skin: The basic lesions seen in the histologic sections of the skin con- 
sisted of (1) loss of the superficial layers; (2) necrosis of the surface of the 
denuded tissue, beneath which an inflammatory response consisting of in- 
filtration of inflammatory cells (chiefly mononuclear ), edema and dilation of 
vessels had occurred, and (3) regeneration of epidermis and dermis at the 
margin of the burns. The intensity and relative proportion of each reaction 
depended upon the region from which the sections were taken. Sections 
from the nongangrenous part of the right hand showed loss of part of the 
dermis as well as the epidermis. In contrast to the acellularity of the dermis 
of this region, there was a marked inflammatory reaction as well as pro- 
liferation of fibroblasts in the deeper subcutaneous tissues of the body. The 
skin of the torso showed loss only of the epidermis. The denuded dermis 
was covered by a layer of necrotic debris, fibrin and bacteria. In many 
regions, this surface exudate blended with the superficial layer of necrotic 
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dermis. Numerous plasma cells were found among the inflammatory cells; 
eosinophils were conspicuous but mast cells were rare. 

At the edge of the abdominal burn a thin layer of regenerating epithelium 
was seen. The grossly intact epidermis in these sections was unusual in 
that there was a loss of normal cell differentiation and tissue architecture, as 
well as an abnormality in the appearance of many cells (variation in size and 
shape, particularly of the nucleus, inconsistency in chromatin content and 
vacuolation of the cytoplasm). Beneath this apparently newly formed epi 
dermis there were marked proliferation of fibroblasts and sprouting of vessels, 
but little inflammatory reaction. Changes similar to those noted in the 
epidermal cells were seen in the hair follicles, particularly in their upper por 
tions. While normal mitoses were seen in the epidermis, abnormal mitotic 
figures were seen in the cells at the neck of the hair follicles, and a complete 
absence of cell division was noted at the root. A striking change in epithelial 
cells had occurred in the ducts of the sweat glands, where varying and often 
marked degrees of squamous metaplasia were consistently observed. This 
change was most extreme in the heavily irradiated but still viable tissues of 
the hands. 

Heart: The inflammatory reaction was limited to the pericardial surface, 
which was covered by a layer of fibrin containing red cells and mononuclear 
leukocytes, a few eosinophils and mast cells but no bacteria. The tissues 
beneath the surface showed an inflammatory reaction, with well developed 


granulation tissue in one section and hemorrhage in another. The heart 


muscle showed no significant abnormalities. 

Lungs: Some fluid and hemorrhage in the alveoli as well as engorgement 
of the alveolar capillaries were noted 

Spleen: The Malpighian bodies were variable in size and showed no 
germinal centers. The white pulp was composed almost entirely of normal- 
appearing small lymphocytes and reticulum cells. The red pulp was intensely 
conge sted 

Gastrointestinal Tract: Beneath the ulcerated mucosa in the large bowel, 
there was infiltration of the submucosa with mononuclear cells of the 
lymphoid series and proliferation of fibroblasts. In the submucosa and fat 
underlying the fresh exudate and granulation tissue there was dense hyaline 
scar tissue. The mucosa at the edge of the ulcer showed complete loss of 
epithelium except for large abnormal cells in the deep-seated glands. The 
section of the ulcer in the buccal mucosa showed loss of epithelium, with a 
marked inflammatory reaction and considerable edema of the underlying 
tissues. Most of the superficial vessels were dilated and a few contained 
fresh thrombi 

Adrenals, Pancreas, Liver and Kidney: The histologic appearance of the 
adrenals and pancreas was not remarkable for the most part. However, 
some of the cells of the zona glomerulosa showed vacuolation which in some 
places had led to the dissociation of cells in the cords, with the formation of 
occasional small pseudotubules. No major lesions were observed in the 
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kidney except for the infarcts, which were relatively recent in nature and 
unusual only in that they showed mononuclear rather than polymorpho- 
nuclear cells at their periphery. The liver was essentially normal in ap- 
pearance and showed only slight fatty infiltration. 

Testes: The seminiferous tubules were small and shrunken and lined with 
Sertoli cells. No living spermatogenic cells were seen. The basement 
membrane of the tubules showed hyalinization. The interstitial tissue was 
edematous and apparently increased in amount. There were focal areas of 
degeneration of the muscle fibers in the ductus deferens, seminal vesicles and 
prostate. A moderately large number of mast cells was seen in some of 
these sections 

Lymphatic Tissues: Although some of the lymph nodes showed depletion 
of lymphocytes, the majority were quite cellular, with small lymphocytes 
forming the bulk of the lymphatic tissue. No cortical follicles with active 
germinal centers were found, but there was diffuse proliferation of lympho 
cytes. Although most of the small lymphocytes appeared normal, some 
intermitotic cells were disintegrating, and a few were dying in mitosis. In 
contrast, the medium-sized lymphocytes were mostly abnormal in appear 
ance, with conspicuous, intensely basophilic cytoplasm and multiple nuclei. 
Many were undergoing the so-called “explosive” type of cell death during 
mitosis and showed bizarre chromosome aberrations. Although a few nor- 
mal appearing large lymphocytes were found, a number of abnormal giant 


lymphocytes with deeply staining cytoplasm could be seen. The reticulum 
cells were prominent, particularly in the depleted nodes, but appeared normal, 
as did the endothelial cells. The blood vessels sometimes showed swelling 
and hyalinization of the intima and media associated with swelling and 
vacuolation of the endothelium. The sinuses of the nodes in the axillary 


and inguinal groups were distended with erythrocytes, debris and phagocytes 

Bone Marrow: The red marrow was decidedly hypoplastic, being perhaps 
one-third as cellular as normal. Immature cells of both the leukocyte and 
erythrocyte series were seen, with the former predominating slightly. About 
one in every three blood-forming cells was dead or disintegrating. The 
“explosive” type of cell death with bizarre nuclear aberrations was frequent 
Reticulum and stem cells were numerous and well preserved. Hemorrhage 
and edema were noted in the fatty part of the marrow 

Anatomic Diagnoses: Severe second- and third-degree radiation burns 
(radio-dermatitis ), involving skin of abdomen, lower part of thorax, upper 
portion of both thighs, both lower arms and hands \dvanced gangrene of 
all fingers of right hand; incipient gangrene of thumb of left hand; lymphad 
enitis of inguinal and axillary lymph nodes. Variable degrees of epilation 
of exposed areas of skin. Squamous metaplasia of excretory ducts of sweat 
glands. Hypoplasia of bone marrow and lymph nodes, with considerable 
and largely abortive regenerative activity. Atrophy of testes with com 
plete aspermia. Ulcerative stomatitis. Serofibrinous pericarditis. Local 
ized fibrosis of endocardium of left ventricle. Cardiac hypertrophy. Pul 
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monary edema. Congestion of spleen. Ulcer of colon. Infarcts in right 
kidney 
ASE < 
CiinicaL History 
This 29 year | married man was admitted to the hospital within an hour of the 
first nuclear accident. He had been seated about 12 feet from the assembly, facing in 
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the opposite directi The dose of radiation, delivered to his back, is estimated to 
have been equival to 31 roentgens of soft x-rays and 1 roentger f mma rays 
Past, social ; family histories were irrelevant. The patient was married and 

t S 


the father of two children. He had not been exposed previously to ionizing radiation 
or toxic ] 
Medical Findings on Admission to Hospital 

This patient presented no significant physical abnormality on admission to the 
hospital or on subsequent examination. The blood pressure on admission was 140/90 
mm. Hg; temperature, 98° F.; pulse rate minute spiratory rate, 20 per 
minute 


’ 


He had no subjective complaint 


Course 

The pa t was kept in bed for two da ifter exy re He experienced no 
gastrointestinal sym n. The blood pressure fell to 120/80 mm. Hg on the second 
lay. Erythema, pe al hemorrhages, icterus and epilation were not noted. His 
weight did not change. He was released from hospital ot 1ird day but wa 
not allowed to return to work for approximately two months only subjective 
complaint, subsequent to the accident, was modera fatigability 1 exertion. This 


} 


gradually disappeared in the course of about two months 


LABORATORY Data—Cas! 


Neutron-Induced Radioactivity of Serum and | 
Na™ Activity in Serum 


tor counter ethcaency of 0.15 


m not determined chemically 


a 
and blood cl 


Subsequent examination 
seminal fluid was not examined 


Examination 10 months after exposure revealed 1 signif change 
patient’s ph ‘al condition. The blood pressure was 118/90 mn Ir. He had 


ymoplaint 
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Examination 


1 h | nm 1 FOO 
health. He had no complaint of any sort and has had two more children, born on 
and one-half and twe d one-half years after tl 
pounds in weight 


» the accide: 
(138/90 mm. Hg), the 1 


rll pe 10Nn 
rey patient’s physical condition w 


of the patient tour 


years alter 


had gained about 15 


for moderate obesity at 


patient’s endurance was tested, using the pulse rate after 

according to the procedure developed at the Harvard Fatigi 

rouha and Darling, 1944) His index was 84 1 
fact that the patient was overweig! 


fatiguing exerci 
index of phys 


.° 
a moderately 

t. Examination 
a slit lamp, revealed no abnormality Deter 
ior | serum proteins and urea nitrogen showed tl 
iormal lim r function tests (cephalin flocculation, thymol tu 
acid excretion) and renal function tests (phenolsulfonphthale 


em 
ber Zoic 


tration study) were norn 
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HEMATOI 


id been done bn to 

period after exposure n the accompanying 
total leukocyte count nained constant at about 9,500 cells per n 
ve mont! fter ex > 
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t became quite 
wing to a set tu t 


316) Dhe 


unstable, presumabl) 
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Examination of the blood four years after exposure revealed a total leukocyte 
count of 8,150 cells per mm.,® with 5,000 neutrophils, 1,790 lymphocytes, 815 mono- 
cytes and 490 eosinophils. The leukocytes showed no morphologic change. Only 2 


per cent of the lymphocytes contained more than five refractive bodies. The red 


blood cell count was 5,070,000, with 17.7 gm. of hemoglobin. The platelet count was 


877,040 per mm.,® and the reticulocyte count, 1.6 per cent 


SUMMARY 


This 29 year old man was hospitalized within an hour of exposure to a 
relatively small dose of total-body radiation estimated to be equivalent to 31 
roentgens of soft x-rays and less than 1 roentgen of gamma rays. Physical 
examination on admission to the hospital revealed no essential abnormality 
rhe patient experienced no subjective complaint except moderate fatigability 
for a two month period after exposure. He did not lose weight or show 
other signs of radiation injury. The only significant changes in blood count 
consisted of: (1) an initial transient leukocytosis; (2) a period of instability 
of the total leukocyte count five months after exposure, presumably due to a 
series of upper respiratory infections; (3) a mild eosinophilia seven months 
atter exposure, and (4) a protracted increase in the number of refractive 
The patient’s physical condition four 


neutral red bodies in the lymphocytes. 
years after exposure was unchanged except for a moderate gain in weight 


He is the father of two children born after the accident. 


Case 3 


CLINICAL History 


the hospital within 


Chis patient, a 32 year old unmarried man, was admitted to 
in hour of the second accident. He was touching the experimental assembly with his 
left hand when the nuclear reaction occurred. His arms and various portions of his 
body were exposed to widely different amounts of radiation. The parts of his body 
-an be arranged in the following order according to decreasing dose: the hands and 
arms ; the torso and upper thighs; the head; the lower part of the legs. It is impossi 
ble to estimate accurately how much radiation his hands received, but the dose of his 
left hand probably exceeded 15,000 rem (roentgen equivalent man) of soft x-rays 
while that of his right hand was somewhat less. The radiation delivered to his body 
as a whole is estimated to have been equivalent to 1,930 roentgens of 80-kv x-rays and 
114 roentgens of gamma rays 

Che past family and social histories of this patient were not notable. His occu 
pational history is interesting in that he had been exposed repeatedly over a three year 
period to small doses of whole-body ionizing radiation. The average weekly dos 
rarely exceeded 0.5 rem, but occasionally the exposure for a single day exceeded 
0.1 rem. Repeated physical and laboratory tests had given no indication of radiation 
injury. Three years before, a few red blood cells and finely granular casts, but no 
albumin, had been noted in the course of routine urinalysis. There was no history of 


exposure to toxic chemicals 
Vedical Findings on Admission to Hospital 
rhe patient was apprehensive on admission to the hospital and complained oi 


nausea. He had vomited once prior to this examination, and vomited again several 








H. HEMPELMANN, H. LISCO, AND J. G. HOFFMAN 
within the next few hours. He was well developed and appeared to be in ex 

cellent physical condition. His skin was bronze from the waist up as a result of 

repeated recent exposure to the sun. The heart, lungs and abdomen were normal 

The hands showed no signs of injury. The oral temperature was 100.2° F.; the pulse 

rate, 104 per minute 

Course 


Although ! was not so complex as that described in case 1, the succession 
f events will be described by organ system 


K 


espirations, 20 per minute, and blood pressure, 110/70 mm. Hg 


General Che general condition of the patient was good during the first 
five days of the illness. He was relatively comfortable, and his mental attitude an 
lent after he recovered from the early gastrointestinal reaction. 
e fifth di here was a precipitous fall in the leukocyte count 

pulse rate rose abruptly. From this day on, the patient failed 
obvious loss of weight during the terminal few days. On the 
iods of mental confu 


i0 He gradually sank into a 
lay 


' 
moraie were 
o} 


Or 
The following day 


AL 


Case 3. 


Mates XIX to XXII): 
the | 


him! 


The left hand appeared normal 
Within three hours there was a slight 
with cyanosis of the nailbed 


ospital 


The patient com- 
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plained of numbness and tingling of this finger. During the first 24 hours the hand 
became increasingly painful. The pain was described as burning in character and 
‘as associated with numbness. The swelling of the thumb increased rapidly, and 
24 hours after exposure the entire hand and forearm were tensely distended with a 
firm nonpitting edema. The cyanosis of the thumb was more noticeable at this 
time. There was also a cyanotic tinge to the skin over the markedly distended inter- 
phalangeal joints. Sensation in the skin of the thumb and index finger was dimin 
ished. Twenty-eight hours after exposure a blister was observed on the thumb. It 
became larger rapidly and ruptured 40 hours after exposure, draining yellow fluid 
h | and and arm increased until the swollen arm had a ligneous con- 
sistency and the skin a waxy appearance. There was no erythema. The burning 
became more difficult to control. On the third day, blisters appeared on the 
alm of the hand and on the interdigital surfaces of all fingers The bullae on the 
| thumb became quite large (Plates XIX and XX). At this time the arm 
in cracked ice continuously to control the pain and to stop the progress 
Despite this therapy, the edema increased until the entire arm to the 
There was little extension of the blisters during the terminal 
and no sign of infection. The loss of blister fluid allowed the 
<d bulla on the thumb to collapse and the dead skin to become 
jue (Plates XXI and XXII). The hands and arms remained intensely 
-yanotic throughout the chilling procedure. The cyanosis was blotchy at first but 
ne uniform as it grew more intense 
Right Arm: The right hand, which appeared normal on admission to the hospital 
me slightly swollen, stiff and somewhat painful during the first day after ex- 
posure. The swelling and pain increased during the second and third days (Plate 
XXIV), but this hand was, on the whole, not so severely injured as the left hand 
[he skin had a waxy appearance at this time; there w o significant erythema and 
no blistering The extremity was packed in ice from the third day on. The tense 
nonpitting edema extended to the mid-forearm but there was no epidermolysis. The 
olor of the chilled extremity became intensely cyanotic 


Twenty-four hours after admission to the hospital a slight erythema was 


the lower, previously non-sunburned portion of the trunk and on the anterior 
erythema increased in intensity, particularly in the region 
uadrant and the left upper thigh. On the fifth day, the cutaneous 


reaction was associated ith subcutaneous edema The muscles underlying the 
the movement 


+1 
merged with the 


left lower q 

l 
ematous area became sore and tender, and pain on motion limited 
ft leg. The erythema gradually increased in intensity and 
color of the sunburned er torso. During the eighth and ninth days the 


skin of the entire body becan 


| 
ntensely flushed. There was no loss of skin, no 
tering (except on the left hand) and no epilation 

Examination of the patient three hours before death revealed considerable ex 


ravasation of blood at the site of needle punctures. No evidence of spontaneou 


bleeding was apparent at the time of this examination but, at autopsy, small petechiae 
vere noted on the skin of the right flank. Although the markedly injected conjunc 


tivae and the suffused skin did not appear icteric during life, pronounced jaundice 
was evident after death when the blood had drained from the uppermost part of the 
body 

Gastrointestinal Tract: The patient vomited within an hour of exposure and again 
several times in the next few hours. One loose diarrheal stool was passed four hours 
after exposure. Vomiting and nausea ceased completely within 12 hours, and the 
appetite was good for the next five days. The initial gastrointestinal reaction of this 
patient was not nearly so severe as that in case 1. On the sixth day, the patient be 


ame nauseated, vomited and 


complained of abdominal distention which was unre 
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Case 3. The blood counts prior to exposure were done at the Metallurgical Laboratory 
Chicago, and at the Los Alamos Scientific Laboratory. The average of 18 counts done in 


Chicago over a two-year period is shown in Period I. The average of five counts done at 


the Los Alamos Scientific Laboratory over a period of one year is shown in Period I] 
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given in eight day ive hundred cubic centimeters of plasma and intravenous 
glucose in saline \ also given during the first week. During the terminal three 
days, intravenou uids 1 administered almost continuously. Eight thousand 
cubic centimeters gl » in saline and 2,000 c.c. of lyophilized plasma, in addition 


to tour pint 


LABORATORY DATA 


Urinalysis 


Microsc 


3} RBC/HPF, mucus, hyaline and finely 
granular casts 

8 WBC/HPF, few hyaline and finely 
granular casts 

8 WBC and 2-3 RBC/HPF, numerous 
hyaline and granular casts 

8 WBC, numerous RBC shadows, many 


granular casts 


Gastric Anal 


Re; 


No growth in aerobic or anaerobic « 
loo No growth in aerobic or anaerobic cu 
Ulcer in mouth E. coli, 90 per cent; gram-positive diplococci, 10 
per cent 
Blood (post morten E. coli in both aerobic and anaerobic culture 


1 
le 
l 
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LABORATORY DATA 


Corticoid-like Fract Urobilino 


Days After - 
Exposure 


a 
220,240 my 


1.28 
1.47 
0.93 
1.09 


Normal range 


6 
. 
Normal value 7a 


* Analvses made with Beckman Flame Photometer 
** Hawk, Oser and Summerson, 1947. 


Urine Amino Acids 


Other 


* Amounts expressed in mg./ml. (approximate concentration 
** 12 hr. sample 
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LABORATORY Data—CaseE 


3— Continued 
Neutron Induced Radioactivity of Serum and Urine 


Na™ and P® Activity in Serum 


6,400 
$5 10,240 


15 10,700 
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ind 3.8 hours were pool 


horus and 40 cpm 
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18 


UNCOAGULABLE 


WHOLE BLOOD CLOTTING TIME 
WITH TOLUIOINE 61 
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DAYS 
Case 3. Blood clotting study. 
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LABORATORY Data—Case 3-—Continued 


Radioactivity (P®) in Tissues at Autopsy 


| 


Tissue | 


mg. P/gm. mg. P } cpm 
Tissue Plated @t=0 


| 


uw 


Liver 29.0 
Right kidney 
Spleen 

Right lung 
Left lung 
Rib 


— 
mow 


ws be de be DO 
wus as | 


wh 


ta a et ee 


ee De ee 


=) 


19.98 


* Corrected for counter efficiency of 0.10 


HEMATOLOGY 


Previous blood counts during the four years preceding the accident were not 
unusual. The total leukocyte count during this time was high, ranging between 7,500 
and 12,000 cells per mm.,° except for a single count of 5,500 cells per mm.* one week 
before exposure. 

rhe quantitative response of the formed elements of the blood is shown in the 
accompanying graphs. There was an immediate and marked granulocytosis lasting 
four days, and a prompt and persistent decrease in the lymphocyte count to a very 
low level. From the fifth day until death, all leukocyte types, platelets and reticulo 
cytes were extremely rare. The red blood cell count and hemoglobin level rose during 
the first week. 

The cytologic changes of the cells in the peripheral blood were similar to but 
differed somewhat from those described in case 1. 


Lymphocytes (figures 10 to 12) 


Cells of the lymphocytic series were extremely rare in the circulating blood, pat 
ticularly during the last few days of life. Those observed on the eighth and ninth 
days varied in appearance from relatively normal-appearing lymphocytes (figure 10) 
to cells that had degenerated to the point where they could barely be identified. They 
varied in age from young cells with intensely basophilic cytoplasm to small mature 
lymphocytes. The degenerative changes took two forms, which were presumed to 
be different degrees of the same process. The first type of change consisted of an 
abnormal blotchy appearance of the nuclei with intervening areas of rarefaction. The 
second type of change consisted of vacuolation in varying degree of the nucleus and 
cytoplasm (figures 11 and 12). Some cells were so vacuolated that they appeared 
about to explode, whereas others showed minimal changes. One of the small lympho 
cytes showed a single large nuclear vacuole near the membrane which bulged into the 
cytoplasm, but otherwise this cell appeared normal. Many nuclei stained faintly 
with Wright's stain. There was no increase in cytoplasmic basophilic granules. The 
number of cells observed per blood sample was too few to give enough statistical 
information to permit the construction of a graph of lymphocytes abnormal in their 
refractive body content. The number of these bodies per cell was increased in the 
lymphocytes which were seen 


Granulocytes (figures 13 and 14) 


Toxic granules were observed in the cytoplasm of the polymorphonuclear neutro- 
phils in the samples of blood taken one hour after exposure. These granules increased 
in size, number and basophilia until just before death, when they were very prominent 
and stained more deeply with Wright’s stain than many of the cell nuclei (figure 13). 
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¢ 


10. Relatively normal appearing lymphocyte from the peripheral blood on the ninth 
lay after exposure It shows some patchy condensation of the nuclear chromatin 


Fic. 11. Lymphocyte in blood smear taken on the ninth day showing the pallor of the 
nucleus and vacuolation of the cytoplasm 
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a, 


Fic. 12. Lymphocyte in the blood smear taken on the ninth day. The vacuolation of 
the nucleus and cytoplasm are prominent. Note the single very large nuclear vacuole in th« 
lower left hand corner. The refractive areas seen in the erythrocytes are artefacts 


Fic. 13. Polymorphonuclear neutrophil in the blood smear taken on the ninth day of the 
illness showing toxic granulation and the pallid indistinct nucleus 
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- 
a) 
14. Polymorphonuclear neutrophil in the blood smear taken on the ninth day showing 


vacuolation of the cytoplasm and nucleus. Note the unusually large nuclear lobe 


rranulation noted on the ninth day was more notable than that observed in 
case 1 the same number of days after exposure, but it was less 
rranulation of case 1 the day before death (twenty-fourth day) 

ange could be seen in neutrophils as young as “C” myelocytes, as well as 
segmented cell Occasional neutrophils showed very little change of this 
minal stages of the illness there was considerable vacuolation of the 
neutrophils, which was particularly evident in the supravital 


of many of the young cells seen in the fixed blood films taken on the 
days were pale and swollen and occasionally vacuolated. 

Most neutrophils did not show the marked increase in size noted in case 1 
During the initial granulocytosis young cells of the neutrophilic series were not 
numerous, but after the granulopenia had developed the young cells outnumbered the 
mature ones. Classification of the young cells was difficult if not impossible in many 

because of the excessive toxic changes. No cell younger than “C” myelocytes 


entified 


These cells became exceedingly rare by the fifth day, but those that were observed 
not show the extensive intranuclear vacuolation described in case 1. By the third 
“+r exposure, vacuolation of the cytoplasm was evident, and this progressed up 
time of death. There was an inconsistent increase in the granularity of the 
cytoplasm of the monocytes noted on various days. A few very young monocytes 


were observed on the day of exitus 
Red Blood (¢ ‘ells 

Conspicuous rouleaux formation, observed in both fixed and supravital prepara 
tions, became increasingly prominent after the third day The red blood cells varied 


somewhat in si luring the late phase of the illness 
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Platelets 

The platelets appeared normal. They became increasingly rare during the last 
few days of the patient's life. 
Bone Marrow 

A specimen of bone marrow was obtained by sternal puncture on the second 
day of the illness. No gross clumps were obtained on three attempts to aspirate the 
marrow cavity. The marrow cells were so rare that it was impossible to do a 
differential count. A few “C” metamyelocytes were seen. Segmented neutrophils 


were seen around clumps of debris and degenerating cells 


PATHOLOGY 


See Appendix I-B { gross autopsy protocol and Case Summary for an abstract 


os 
s 


yf the histologic findin 


SUMMARY 
Clinical History 


This 32 year old unmarried man was admitted to the hospital within one 
hour of the second accident. He is believed to have received a dose of 
total-body radiation equivalent to 1,930 roentgens of 80-kv x-rays and 114 
roentgens of gamma rays. His hands received a larger dose, of approxi 
mately 3,000 to 30,000 roentgens. The only significant finding at this time 
was a slight elevation of the temperature (100.2° F.). The patient had 
vomited once before admission. During the first 12 hours after exposure, 
he vomited several times, passed one diarrheal stool and had a decreased 
urine output. He was moderately prostrated and showed a mild hypoten- 
sion at this time. The initial reaction displayed by this patient was not 
nearly so severe as that incase 1. After the first day, his general condition 
was relatively good. On the sixth day after exposure the pulse and tempera 
ture rose abruptly, and the patient developed signs of severe paralytic ileus 
which could be relieved only by continuous gastric suction. The stools were 
diarrheal after the seventh day. At this time the heart sounds became dis 
tant, and on the following day the patient showed signs of circulatory 


collapse. Jaundice and spontaneous hemorrhages were not observed on the 


last examination several hours before death but were present at death. 

Both hands of the patient suffered severe radiation damage. The left 
hand, the more heavily irradiated, showed edema, erythema and cyanosis of 
the nailbeds three hours after exposure. It became increasingly painful and 
began to blister 28 hours following the accident. The edema soon involved 
the entire forearm and was ligneous in character. From the third day on, 
the hand and forearm were packed in cracked ice. The epidermolytic process 
and pain were controlled by this procedure but the edema spread to involve 
the entire arm. 

The right hand showed no erythema and less swelling than the left. It 
was also packed in ice continuously from the third day until death, even 
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though the skin did not blister. The edema extended only to the mid 
forearm. 

The patient also developed an erythema of the lower abdomen associated 
with edema and tenderness of the underlying tissues 24 hours after exposure. 
This erythema gradually spread and grew more intense until, at death, the 
skin of the entire body was deeply red. 


Clinical Laboratory Findings 


Leukocytosis (19,000 cells per mm.*) and severe lymphopenia developed 
promptly after exposure. The monocyte count fell gradually during the 
first three days. The granulocyte count fell precipitously on the fifth day 
after exposure, but the platelet and reticulocyte counts showed a more gradual 
decline to very low levels. The erythrocyte count and hemoglobin level 
rose during the first week after exposure and then declined to the level before 
exposure 

The change in cellular pattern of the leukocytes was similar to that 
observed in case 1. The lymphocytes showed varying degrees of degenera 
tion, ranging from an abnormal patchiness of the chromatin to frank intra 
nuclear or cytoplasmic vacuolation. Just before death, however, some of 
the rare circulating lymphocytes in the blood showed only minimal degenera 
tive changes. Toxic granules could be seen in the cytoplasm of the neutro 


phils one hour after exposure. This change became more pronounced as the 


illness progressed. Terminally, the nuclei were pale and swollen and the 
cytoplasm of individual cells was vacuolated. The monocytes showed cyto 
plasmic vacuolation but no consistent change in the nuclear pattern. The 
erythrocytes showed conspicuous rouleau formation but otherwise appeared 
normal. The appearance of the platelets did not change 

The clotting time of the whole blood became progressively longer until 
the blood was uncoagulated at the time of death. This abnormality in 
clotting could be nullified in vitro by the addition of toluidine blue to samples 
of whole blood. 

The urine output was low throughout the illness, and the patient was 
anuric during the last 30 hours of life. The specific gravity of the urin 
samples showed a progressive decline, while the amount of albumin rose to 
4 plus the day before death. Many pus cells and red blood cells were seen 
in the last specimen. The stools became liquid and guaiac-positive after the 
seventh day. The gastric fluid contained combined acid and occult blood 
on the sixth day after exposure 

\erobic and anaerobic cultures of the blood were negative except for 
Escherichia coli in the heart blood at autopsy. 

The blood chemistry showed an early fall in serum sodium and a late fall 
in blood chlorides. The non-protein-nitrogen and urea nitrogen of the 
blood were elevated on the fourth day and thereafter. The blood uric acid 
was slightly elevated. The icteric index at autopsy was high (70). The 
total serum proteins were not altered quantitatively to a significant degree 
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but electrophoretic studies showed a moderate fall in albumin and a marked 


rise in alpha globulin. 

Chemical studies of the urine showed an elevation of the corticoid-like 
substances in the urine and a marked increase in coproporphyrin and uro- 
bilinogen. They also indicated a striking amino-aciduria and a high urinary 
potassium on the sixth day after exposure. 

Analysis of the induced radioactivity im the body fluids revealed surpris- 
ingly large quantities of radiosodium in the blood and of both radiosodium 
and radiophosphorus in the urine. The specific activity (ratio of radio- 
active to stable isotopes) of both the sodium and phosphorus was higher in 
the urine than in the blood serum. This difference was especially marked 
in the case of phosphorus. 


Pathology 


Gross Findings: The body showed good musculature with no evidence of 
wasting. The skin was dark yellow at the beginning of the autopsy but 
faded to ashen-gray. The sclerae were also jaundiced. There were pete- 
chial hemorrhages in the sclerae as well as in the skin. Massive ecchymosis 
was present in the right cubital fossa. Both hands were swollen, the left 
more than the right. The skin of the hands and forearms was pale gray 
There were eight small blisters containing fluid and a large ruptured blister 
on the left hand. 

The heart was normal in size and showed numerous fresh hemorrhages 
beneath the pericardium and endocardium, as well as a few smaller hemor 
rhages in the myocardium at the apex of the left ventricle. The lower lobes 
of the lungs were filled with blood-stained fluid and showed small patches 
of consolidation. The dependent bronchi contained aspirated gastric fluid 

Of the abdominal organs, the small intestine showed the most striking 
change. It was distended, flabby and filled with dark brown semi-liquid 
material. The vessels were intensely congested, and there were numerous 
petechial hemorrhages on the serosal surface. The mucosal surface was 
edematous and deep red, particularly in the region of the jejunum where, in 
addition, the surface was covered with a membranous gray-green exudate 
that could be stripped off in sheets. No discrete ulcer was seen. Petechial 
hemorrhages were found in the stomach and large bowel. 

The liver and spleen were enlarged and soft in consistency. No Mal- 
pighian bodies were seen on the cut surface of the spleen. The adrenals were 
normal in appearance, as was the pancreas. The kidneys were enlarged and 
showed yellow streaking in the region of the pyramids. Petechial hemor 
rhages were found in the mucosa of the otherwise normal bladder. The 
testes were soft and small (21 to 23 gm.). 

The red marrow was liquid in consistency. The lymph nodes, particu- 
larly those in the superficial groups, were smaller than normal. Those in 
the inguinal region could not be found 
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On opening the body, streaks of yellow-gray were observed on the cut 

surface of the abdominal muscles. The blood did not clot during the 

autopsy except when in contact with the tissues for a prolonged period. 


Microscopic Examination (See photomicrographs in Appendix I-B) 

Skin: There was early vesicle formation in some sections of the abdomi- 
The epidermis showed evidence of marked damage. The usual 
cellular layers had been lost, and the cells, particularly in the 
showed striking abnormalities (vacuolation of the cytoplasm, 
the nucleus, bizarre distribution of the chromatin, multiple 
The epithelial cells of the hair follicles 


nal skin. 
sequence of 
basal layer, 
swelling of 
nucleoli and absence of mitoses ) 
showed changes similar to those in the epidermis, but the hair shafts ap- 
The cells lining the ducts of the sweat glands had under- 


peared normal. 
Despite the obvious proliferation of the duct 


gone squamous metaplasia 
cells, mitotic figures were not conspicuous. 

Compared to the epidermis, the changes in the dermis were not striking. 
Nevertheless, edema and minute hemorrhages were noted, as well as infiltra- 
tion by mast cells, degenerative changes in the nuclei of some connective 
tissue cells and dilation and endothelial swelling of vessels. There was also 
degeneration of the fat cells and muscle fibers in the deeper tissues 

Heart: The nuclei of individual muscle fibers showed more variation in 
size and shape than normal. Sections of the heart also showed hemorrhages, 
some infiltration by mast cells and edema of the interstitial tissues. 

Lungs: The microscopic picture was that of terminal aspiration pneu 
monia in which polymorphonuclear leukocytic infiltration was absent; gram 
positive bacteria, lymphocytes and phagocytes were prominent in the con- 
solidated areas. In other areas there were pronounced hemorrhage and 
fluid within the alveolar spaces and intense congestion of the blood vessels 

Trachea: Large sections of the epithelium had desquamated, and in other 
regions the epithelium was present but had separated from the basement 
membrane. There was edema and round-cell infiltration of the connective 
tissues and patchy necrosis of the adventitial muscle fibers. 

Spleen: The Malpighian bodies were decreased in size and, in some 
instances, had almost disappeared. No germinal center was seen. Many 
f the lymphocytes were abnormal and disintegrating cells were seen fre 
The most frequent mode of cell death appeared to be that whicl 
rhe reticulum cells were normal in appearance: 


quently 
occurred during mitosis 
Che red pulp was markedly congested 

| Tract: The histologic changes in the mucosa were ex- 
9 the gastrointestinal tract but were most pro- 
The sloughing epithelium of the 


Gastrointestinal 
treme throughout most « 
nounced in the jejunum and _ ileum. 
esophagus was unusual in that there were numerous abnormal mitotic figures 
Phe epithelial cells of the stomach did not show serious abnormalities. The 


epithelium of the duodenum had been lost except in the crypts, where most 
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of the cellular abnormalities already described were seen. ‘There was com 
plete erosion of the epithelium of the ileum and jejunum, as well as loss otf 
the superficial layers of the submucosa. The epithelium of the colon was 
better preserved, particularly in the glands. Everywhere, the denuded sur- 
faces of the intestines were covered by a layer of exudate in which masses 
of bacteria were seen. 

Throughout the wall of the intestinal tract there was edema, congestion 
and a striking infiltration with round cells, mast cells and occasional eosino- 
phils. Polymorphonuclear leukocytes were absent. In the ulcerated por 
tions of the jejunum, bacteria had invaded the intestinal wall. The pres 
ence of granulation tissue in several parts of the submucosa of the jejunum 
indicated that a certain amount of repair had begun. 

Liver: The sinusoids were congested. A few dead liver cells were found 
and there was edema of Disse’s space around the liver cords. No other im 
portant lesion was noted 

Adrenals: There was a widespread degenerative change in the cortical 
cells of the zona glomerulosa and fasciculata, more marked in the former 
This consisted of vacuolation and even coagulation of the cytoplasm, occa 
sional pyknosis of the nuclei, and accumulation of fluid between the cells 
and the basement membrane. There was little lipid in the zona fasciculata 

Kidneys: The glomeruli were congested but showed no significant change 
The most important lesion was noted in the tubular epithelium and consisted 
of the presence of cytoplasmic vacuoles and hyaline droplets, many pyknotic 
nuclei and frankly degenerating cells. These changes were most obvious 
in the segments just below the glomeruli but were also apparent in cells 
lower in the proximal convoluted region. The cells of the remaining tubular 
epithelium were tall and their cytoplasm had a honeycombed appearance. 

Testes: Severe damage was evident in the cellular components of the 
seminiferous tubules as well as in the interstitial tissues. The Sertoli cells 
were large and had pale, swollen nuclei that contained little chromatin ma 
terial. No healthy germinal cells were seen. The lumina of the tubules were 
filled with necrotic cells and debris. The cells of the interstitial tissues wer« 
swollen and had large vesicular nuclei of peculiar configuration and bizarre 
chromatin arrangement. Mast-cell infiltration was prominent 

Lymphatic Tissue: There was severe depletion of all classes of lympho 
cytes, most pronounced in the mesenteric nodes, where only a framework of 
reticulum and connective tissue cells remained. At least two-thirds of th 
small lymphocytes were in some phase of cellular death, and those that seemed 
viable showed cellular changes consisting of generalized enlargement, in 
creased ratio of cytoplasm to nucleus, pronounced cytoplasmic basophilia, 
and unusual distribution and staining characteristics of the nuclear chroma 
tin. The medium-sized lymphocytes were more numerous than usual and 
frequently showed giant, multi-lobed or multiple nucki. Many were in 
mitosis, but few were actually dying. Large lymphocytes were much in 
evidence and abnormal in appearance. Mitotic figures were numerous but 
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not so frequent as in the medium-sized cells. In sharp contrast to the dead 


and dying cells, discrete foci of regenerating lymphocytes could be found 


rhe reticulum and endothelial cells and the debris-laden macrophages were 
generally well preserved and showed no mitotic activity. Numerous mast 
cells were interspersed among the lymphocytes. 

The sinuses of the lymph nodes were engorged with precipitated lymph 
containing cellular debris, erythrocytes and fibrin. The walls of some of the 
blood vessels showed edema and swelling but no endothelial change 

Bone Marrow: The bone marrow was almost completely devoid of 
hematopoietic tissue, although a few stem cells could be found in the sections 
from the vertebrae. In these tissues precursors of the erythrocyte series 
outnumbered those of the white series. The rest of the sections of marrow 
were composed largely of distended sinuses and capillaries, with reticulum 
and fat cells constituting the only cellular elements. [<xcept in the marrow 
of the femur, the reticulum cells, unlike those in the lymphoid tissue, were 
not well preserved 

Muscle: Degenerative changes could be seen particularly in the heavily 
irradiated striated muscle fibers of the abdomen, and also in the esophagus 
The changes varied from foci of waxy degeneration to complete necrosis of 
the fibers, with some pyknosis and hyperchromatosis of the nuclei. 

Nerves: No striking lesion was observed in the nerve fibers or Schwann 
cells, but the ganglion cells of the celiac, Meissner’s and Auerbach’s plexuses 
showed changes that probably were indicative of damage. 

Adipose Tissue: The adipose tissue showed foci of degeneration accom 
panied by hemorrhage and edema. Many of the fat globules had broken 
down into smaller aggregates of lipid. In the periadrenal fat, the cells 
appeared collapsed and shrunken and partially bathed in edema fluid. 

Anatomic Diagnoses: First and second degree radiation burns (radio 
dermatitis ) of the skin of thorax, abdomen, upper portion of lower and lower 
portion of upper extremities and of both hands. Multiple blisters of skin of 
left hand. Squamous metaplasia of epithelium of excretory ducts of sweat 
glands. Aplasia and edema of bone marrow (panmyelophthisis). Severe 
depletion and hypoplasia of lymph nodes and of lymphatic system in spleen 
and gastrointestinal tract, with evidence of incipient and largely abortive 
regeneration. Necrosis and atrophy of seminiferous tubules of both testes. 
Diffuse membranous and ulcerative enterocolitis. Disseminated petechial 
hemorrhages. Jaundice. Focal necroses of cortical cells of both adrenals 
\spiration pneumonia, bilateral. Edema of liver. Focal tubular degenera- 
tion in proximal tubules of both kidneys. Fibromata in both kidneys 
Waxy degeneration of abdominal and thoracic muscles 


Case 4 
Curntcat History 


rhis patient, a 34 year old man, was brought to the hospital within an hour ot 
the second accident He was three feet away from the experimenta! assembl\ at the 
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time of the nuclear reaction. The radiation dose to his body was more uniformly 
distributed than was that in cases 1 and 3. He was turned slightly to the left when 
the reaction occurred so that the radiation entered the left anterior side of the 
body. He was partially shielded from the radiation, so that his head, shoulders and 
left arm received a greater dose than the rest of the torso. The average radiation 
dose to his body is calculated to have been equivalent to 390 roentgens of 80-kv x-rays 
and 26.4 roentgens of gamma rays. 

rhe patient had been in good health before the accident. He was known to have 

ld hypertension and to show intermittent albuminuria. He was married and 

one child. The occupational history is pertinent in that the patient had worked 
with ionizing radiation for several years. His exposures were intermittent and were 
known to be well below 0.1 roentgen per day except on two occasions, when he received 
several roentgens in a week’s period. He had not been exposed to radiation for 18 


months before the accident 
Vedical Findings on Admission to Hospital 


rhe patient was in good physical condition. Examination revealed no physical 
abnormality other than a slightly elevated diastolic pressure (136/96 mm. Hg). The 
heart was not enlarged to percussion. No skin lesion was present. The oral tem 
perature was 99.4° F.; the pulse rate, 100 per minute, and the respiratory rate, 20 
per minute. The patient was calm and had no subjective complaints 


Course (figures 15 to 17) 

rhe illness of this patient will be considered under three general headings: (1) 
general condition; (2) the reaction of the skin and its appendages, and (3) present 
status 

General Condition: Although he felt well on admission to the hospital, the patient 
vomited once several hours later. In the course of the next 12 hours the nausea 
lisappeared and the patient’s appetite returned. There was no diarrhea or other 
gastrointestinal disturbance. The blood pressure fell to 120/80 mm. Hg 14 hours 
after exposure and remained at this level for 24 hours, when it rose to the pre 
exposure level of 140/90 mm. Hg. For several days after exposure the patient felt 
weak and tired and appeared prostrated but was otherwise asymptomatic. On the 
fifth day of the illness his temperature rose slightly. By the following day, the tem 
perature had reached 102.6° F., and the patient complained of drowsiness, anorexia 
and constipation. His face was flushed, his abdomen soft and nontender. Penicillin 
therapy was instituted at this time on the chance that the signs and symptoms were 
lue partly to infection. The temperature gradually fell to normal by the tenth day 
and the patient’s condition improved. His appetite returned and he felt much stronger 
His only complaint at this time, besides fatigability, was epistaxis on blowing his nose 
Cauterization of Little’s area of both nares resulted in prompt cessation of nasa! 
bleeding. This procedure was also followed by the almost complete disappearance 
of the occult blood in the stools noted on the tenth day There were no gastro 
intestinal symptoms at the time, and proctoscopic examination on the tenth day 


revealed completely normal mucosa in the rectum and lower sigmoid colon. The 


patient's strength improved steadily, and he suffered no untoward reaction to being 
allowed out of bed several hours a day after the tenth day. 

Treatment of the illness was symptomatic: complete bed-rest for 10 days and 

n, 50,000 units intramuscularly every three hours from the fifth through the 

eighth day. His fluid intake was kept above 2,500 c.c. per day. He was given 500 

c.c. lyophilized plasma on the first and third days, two 500 c.c. blood transfusions on 

the third and fourth days, and several liters of intravenous fluids when fluid intake 


penicilli 


by mouth was diminished 
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On the fifteenth day the patient was discharged from the hospital with instruc- 
tions to rest at home for several weeks. Except for residual weakness and fatiga- 
bility and some minor subjective complaints, he felt well. Physical examination at 
this time showed no change from the initial examination immediately after exposure 
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except for a loss of weight (10 pounds). His blood pressure remained elevated 
slightly (135/90 mm. Hg). The mild increase in activity following discharge from 
the hospital was tolerated poorly by the patient. He tired easily after mild exertion 


and required 16 hours of bed-rest daily. During the first week after discharge from 


the hospital, the patient stated that he used more salt on his food than usual. There 


was a gradual return of strength and weight. By the end of the sixth week after 


Fic. 16. Epilation of left temple two months after exposure. Note that the blond eyebrows 
are still present. The diminution in growth of beard on left side of face is evident. 
exposure, the patient’s weight had returned to normal and he was able to take a 
one mile walk without fatigue. Approximately 10 weeks after exposure, the patient’s 
strength and endurance were back to normal and he returned to work. Since this 
time he has !ed an entirely normal life, working hard and engaging in outdoor sports. 

Repeated seminal fluid and two testicular biopsy examinations during the 28 
month period following the accident have indicated transient radiation sterility without 
change in libido or secondary sex characteristics. During the second year after 
exposure, the patient believed that the testes were smaller and were placed higher in 
the scrotum. Examination of the genitalia during this time indicated that the testes 
were within the limits of normal size, but the surgeon at the time of the first testicular 
biopsy (eight months after exposure) stated that the testes were softer than normal. 
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Ihe patient believes that the testes have regained their normal position. Recent 
seminal examinations have indicated a rising sperm count. 

Skin: The skin of the patient showed no erythema, icterus or petechia at any 
time during the illness. On the eighth day after exposure (three days after the start 
of penicillin therapy), an itching morbilliform rash appeared over the patient’s body. 
Some of the lesions were urticarial in nature. Although the rash was present over 
the entire body, the lesions were most numerous over the elbows, knees and hands 


Left profile four months after exposure showing complete regrowth of hz The 
gain in weight since the first month is evident in this picture 

Che rash disappeared in three days following the cessation of penicillin therapy, but 
residual itching of the skin persisted for about two weeks. The skin was clear on the 
day of discharge from the hospital, 15 days after exposure, but the patient complained 
of dryness of the skin of the forehead, the left hand and the groin. He also noted 
dryness of the mouth. There was numbness and some loss of tactile sensation of the 
skin of the left hand and forearm. Hypesthesia of the skin of both surfaces of the 
left hand and the dorsal surface of the left forearm persisted for about 10 days. The 
sensation of dryness of the skin and mouth gradually disappeared. Some desquama- 
tion of the skin of the hands and feet was observed one month after exposure. At 
this time the skin of the left hand appeared to be more flushed than that of the right 
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LABORATORY DaTtTaA—Case 4-—Continued 
Urine Potassium 
Vol - mEq./24 Hours 
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LABORATORY Data—CaseE 4—Continued 
Na™ Activity in Urine 
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accident, examination of the patient’s eyes showed 
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eosinophil counts after the second month. The platelet count has remained between 
500,000 and 600,000 per mm.° since the fiftieth day. 

The percentage of “abnormal” lymphocytes remained elevated for about two 
years. About 40 per cent of the lymphocytes contained more than five refractive 
bodies during this period, except for a temporary fall to about 30 per cent for several 
months beginning four months after exposure. Twenty-eight months after exposure, 
there were 28.3 per cent abnormal lymphocytes. 

A complete blood count 28 months after exposure showed 5.68 million red blood 
cells, 16.6 gm. hemoglobin, 3 per cent reticulocytes and 749,760 platelets per mm.® 
The total leukocyte count was 7,100 per mm.,® with 4,333 granulocytes, 1,988 lympho- 
cytes, 568 monocytes and 71 eosinophils per mm.* The last blood examination, 38 
months after exposure, was essentially unchanged. The percentage of abnormal 
lymphocytes at this time was 10. 


PATHOLOGY 


Seminal Fluid and Testicular Biopsy Reports 


| 
Time After Nature of 


Romeauen Seeclenen Count per mm.® Comment 
t r Speci 


37 davs Seminal | 5,150,000 | Nonmotile, 21°, abnormal (10 
| fluid | less, 1% double-headed 
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| fluid | 
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{Seminal | Seven motile sperm seen in 20-minute examination 
| fluid 
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adult spermatozoa seen. The cells of Leydig are 
normal in number and appearance. 
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| fluid } 
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| flui 
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two samples 


months | Testicular | By Dr. John B. Storer There is considerable 
biopsy atrophy of both testes. In some tubules the germinal 
epithelium is completely denuded; in others, it is 
| formed by a single layer of cells, chiefly Sertoli in type 
\ few areas show considerable regeneration of the 
| germinal epithelium. In these areas mature sperma- 
|} tozoa are found. One can find all stages between 
complete destruction and complete regeneration of the 
germinal epithelium There are a few areas of fibrosis 
in which there is obliteration of tubules. Impression 
severe post-irradiation testicular atrophy with partial 
regeneration 
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SUMMARY 
Clinical History 


This patient, a 34 year old married man, was asymptomatic on admission 
to the hospital one hour after receiving a dose of total-body radiation esti- 
mated to be equivalent to 390 roentgens of 80-kv x-rays and 26.4 roentgens 
of gamma rays. He is thought to have been partially shielded from the 
radiations given off by the critical assembly in such a way that his head 
and left arm received a larger dose of radiation than the rest of his body. 
The patient was nauseated and vomited once within a 12 hour period 
following the accident. His blood pressure fell temporarily. After re- 
covering from the initial reaction, the patient was weak and tired but other- 
wise well. On the fifth day after exposure he developed moderate fever, 
drowsiness, anorexia and constipation. Penicillin therapy was instituted 
for several days and the symptoms disappeared. An urticarial rash, pre- 
sumably due to medication, developed on the eighth day. On discharge 
from the hospital 15 days after exposure, the patient felt well except for 
some residual weakness. He had lost some weight and noted dryness of 
the mouth and of the skin of his face and left arm. After leaving the hos 
pital he was unable to tolerate even a moderate increase in activity and had 
to spend 16 hours a day in bed. Within 10 weeks of exposure his strength 
and weight had been regained. Seventeen days after exposure the left temple 
and beard began to epilate. Regrowth of hair was complete four to five 
months after exposure. The patient’s physical condition was excellent three 
years after exposure. His endurance was not impaired. A moderately 
advanced radiation cataract but no other abnormal physical or laboratory 
finding was noted 38 months after exposure. He became the father of a 
healthy boy 58 months after exposure. A cataract has developed in the 
right eye 
Clinical Laboratory Findings 

Che leukocyte count during the first day was high and for several days 
thereafter fluctuated between normal and high. Granulopenia developed 
on the fifth day. There was a temporary rise in the white cell count be- 
tween the eighth and eighteenth days, and the granulocyte count gradually 
rose to normal by the end of the second month after the accident. In con- 
trast, the lymphocyte count fell much more promptly and remained low for 
over a year. The eosinophil level was depressed from the fifteenth to the 
seventieth day and the monocyte count also fell slightly. The platelet 
and remained low for 10 days. The 


3 


count dropped to 100,000 cells per mm 
erythrocyte count (but not the hemoglobin level) decreased gradually and 
reached its lowest point between the fortieth and seventieth days after ex- 


posure. The lymphocytes showed a sustained increase in the number of 
neutral red refractive bodies but few cytologic changes in the nuclear pattern 


Rone marrow studies showed extreme cell destruction on the second day 
ifter exposure, followed by a profound aplasia of all marrow elements 
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Repeated urinalyses gave no indication of kidney damage. Stool ex- 
aminations showed a 4 plus guaiac on the tenth day. There was no early 
change in the blood sodium or late change in the chloride or nitrogen content 
of the blood. The serum proteins were normal except for a questionable 
elevation on the tenth day. The amount of urinary corticoid-like substance 

1, while 


was elevated. The urinary coproporphyrin was markedly increased, 
The 


the urinary urobilinogen was slightly increased on one occasion 


quantity of urinary amino acids was greater than that found in control 


urines, and the urine potassium level was also higher than that seen in healthy 
There were easily measurable amounts of radio 


people on a normal diet. 
Radiophosphorus could be detected in the 


sodium in the urine and blood 
urine but not in the blood serum. 


Pathology 
Sperm counts and testicular biopsies disclosed a state 
which the patient had recovered at the time of the last count, 50 months 


of sterility from 


after exposure 
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CLINICAL History 


This 54 year old unmarried man was admitted to the hospital one hour after 
<posure. He was standing six feet from the assembly at tl i f the accident 
It is estimated that he received the equivalent of 186 roentgens of soft x-rays and 10.7 
roentgens of gamma rays, uniformly distributed over his bi 

The patient was health and had 


bi f taking 1 to 40 mile hikes 


rhe past history was irrelevant 
physically. He was in the habit of 


a iit 
Iways been active 
weekend. There was no history of previous exposur¢ radiation or 
* chemicals. Repeated blood counts and urinalyses wet 
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Laporatory Data—CAase 6 
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LABORATORY Data—CaseE 6—Continued 
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HEMATOLOGY 


The last blood examination before exposure had been done two years prior to the 
accident. The quantitative changes in the blood count during the first 30 days after 
exposure are shown in the accompanying graphs (p. 354). The most extreme change 
in blood count after exposure was an initial granulocytosis. Although the level of: 
lymphocytes was low (about 1,000 cells per mm.*), there was no return to pre 
exposure level in a two year period after exposur« There was a mild, persistent 

ilia, about 350 cells per mm.,® starting about five days after exposure. The 
in platelet count, to the 300,000 to 400,000 noted after the twenty- 
was temporary; the count was back to normal (500,000 to 600,000) by the 


cytologic changes were noted in the leukocytes of the peripheral blood 
first few weeks after exposure. Many of the neutrophils appeared mildly 
reparation, but there was no significant shift to the left. There 
» number of lobes per neutrophil (Arneth’s count) in the two year 
exposure. Some of the monocytes showed equivocal nuclear changes 
second week, suggestive of the “lacy” appearance described in case 1 
vtes showed no significant cytologic change 
marrow aspirations on the twenty-second and seventy-eighth days after 
1e following marrow picture: 
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RADIATION SYNDROMI 
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SUMMARY 


Clinical History 

This 54 year old man received a large dose of ionizing radiation, yet he 
experienced no ill effect of any kind. His dose of total-body radiation is 
estimated to be equivalent to 186 roentgens of soft x-rays and 10.7 roentgens 


of gamma rays. He did not show epilation or lose weight He was an 


active man and was able to take a 20 mile walk without undue fatigue six 


weeks after exposure. Three years after exposure, this man was well and fit. 


Clinical Laboratory Findings 

The changes in blood count were: (1) an initial granulocytosis followed 
by instability of the total white count; (2) a prompt lymphopenia which 
persisted for two years; (3) an eosinophilia beginning five days after ex- 
posure, exceeding 3,000 cells per mm.* on two occasions and lasting for over 
a year; (4) a decrease in erythrocyte count of questionable significance, 
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reaching its maximum 40 to 70 days after exposure; (5) an increase in the 
number of refractive neutral red granules in the lymphocytes, and (6) a 
moderate aplasia of the sternal bone marrow. The clotting time was 
moderately prolonged at the end of the first week 

Urine examination revealed no abnormality. Stool examination showed 
an occasional trace of occult blood 

The blood sodium, chlorides, nitrogen and serum proteins were within 
normal limits. The electrophoretic pattern of the serum proteins showed a 
mild decrease in albumin and beta globulin. The amount of corticoid-like 
substance in the urine was increased for three weeks, but the quantity of 
excreted coproporphyrin and urobilinogen was not altered. Occasional 
urinary amino acids were found in increased amounts but there was no con- 
stant amino aciduria. Measurable amounts of radiosodium and radiophos- 
phorus were found in the urine, while only the former was found in the blood 
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Case 6. Blood clotting study 


Case 7 
CLINICAL History 


, , , , 
rried man was standing eight feet from the experimental 
> accident lis body was uniformly irradiated by a dose 


imated to have been equivalent to 140 roentgens of soft 
l 


ours after 


) 
gamma rays. He was seen one and one-half 


t irrelevant except for an attack of rheumatic fever six years 
caused valvular damage to his heart The patient had never been 


to ionizing radiation or toxic chemicals. No blood count had been 
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Vedical Findings on Admission to Hospital 
patient was a well developed, athletic appearing young man The lungs and 

t . rt 8 @ S s 
\ presystolic murmur was heard at the apex. The heart 
iythm was regular 


1) appeared normal 
l rl The skin was clear, without lesions oi 
pulse, respiratory rate and blood pressure were normal 


ission to the hospital 


rhis patient experienced no symptom and showed no physical evidence of radia 
tion injury. The blood pressure rose to 140/90 mm. Hg during the latter part of the 
first day. He was hospitalized for a four day observation period and then sent home 
to rest for two weeks. He showed no erythema, petechia, skin rash or epilation. He 
noted no intestinal symptom or physical weakness. He did not lose weight. Exami 
nation 15 months after the I 


accident revealed no change in his physical condition 


n last heard from, was living a normal life 35 months 
exposure 


physical examination 28 months after the 


s accident revealed no significant 
except those referable to his rheumatic heart di 


sease There was no 
evidence of progression of the 
boratory studies, 


cardiac lesion since th examination 


including liver and kidney function 
metabolic rate, were normal rhe 


e la blood studies, 
al electrocardiogran 


showed prolonged 


HEMATOLOGY 
No previous blood count had been done on this patient. The quantitative changes 
in the blood count for the 30 day period following the accident are shown in the 


accompanying graphs (p. 358). There was a gradual fall in the absolute leukocyte 
coul é 


8,000 cells per mm Chere was no significant change 
1e lymphocyte count, which remained in the low normal range throughout the 
period of study. No cytologic change was observed in the supravital preparations of 
the blood. The neutrophils did not show toxic granules. The fixed blood smears 
from the third to the thirty-fifth days were not studied 

he sternal marrow specimen, aspirated on 


the fourth day after exposure, 
appeared to be quantitatively and qualitatively 1 ormal 


The differential count follows 


Per Cent 


Leukocytes 
Granulocytes 


Neutrophils 


Segmented 

Band 

Metamyelocytes 

Myelocytes “C”’ 
Ex sink »phils 
Basophils 


Lymphocytes, small 
Reticulum cells 
Plasma cells 


Nucleated red blood cells per 200 leukocytes 


Maturation of red blood cells Normal 


Jlood counts were followed at Los Alamos at frequent intervals for 18 
he accident The total leukocyte count remained between 5.000 to 6.000 
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nphocyte count was about 1,000 cells per mm.* There was no 
monocytosis. The erythrocyte and hemoglobin levels did not 
count has remained above 500,000 per mm.* The percentage of 


remained below 20 


SUMMARY 
Clinical History 


This patient, a 21 year old man, received a dose of mixed total-body 
radiation estimated to be equivalent to 140 roentgens of soft x-rays and 8.7 
roentgens of gamma rays. Except for signs of rheumatic heart disease, the 
patient’s physical condition on admission to the hospital was entirely normal. 
He experienced no immediate or delayed symptom of any sort. Physical 
examination more than two years after the accident revealed no essential 
change in the patient's condition. 


Clinical Laboratory Findings 


The blood count showed only an initial high normal leukocyte count, 
which gradually fell to the lower limits of normal. The lymphocyte count 
remained slightly below normal for the entire 28 month period of study. 
Since no blood study had been made prior to the accident, it is impossible to 
say whether there was an early reduction in lymphocyte count. The ery 
throcyte count and hemoglobin level did not fall. The sternal marrow 
appeared normal on the fourth day following exposure. The blood clotting 
time was not altered. Urinalyses, stool examinations and limited chemical 
studies of the serum sodium, blood chlorides and uric acid revealed no ab- 
normality. The urine coproporphyrin was slightly increased, but there was 
no increase in the quantity of corticoid-like substance, urobilinogen or amino 
acids in the urine. There was a detectable amount of radiosodium in the 
serum and of both radiosodium and radiophosphorus in the urine. 


Case 8 
Cuiinicat History 


This 23 year old man received a dose of total-body radiation believed to have been 
equivalent to 55 roentgens of soft x-rays and 4.37 roentgens of gamma rays. He was 
eight feet from the assembly when the accident occurred, and was admitted to the 

l l alf hours after exposure 
was not remarkable. The patient had been irregularly exposed 
iod before this accident. These exposures 
had worked with some toxic chemicals but 


ratory evidence of bodily injury 


sion to Hospital 


ll developed young man. The pulse rate, temperature and 


and the physical signs were within normal limits. 
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LABORATORY Data—CaseE 8 
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LABORATORY Data—Case 8—Continued 


Na™ Activity in Urine 


Urine I 


* Corrected for counter efficiency of 0.15 


Neutron-Induced Radioactivity of Body Tissues 


Beta radiation from teeth, 30 hours after exposure, 193 cpm. on portable Geiger Unit 


L ourse 


Che patient felt entirely well during a four day period of hospitalization. He did 
I ) 5 y I 

not experience nausea, anorexii liarrhea. His skin did not show erythema or 
petechiae. After leaving noted no weakness or epilation. The 


minal fluid was not examined. Physical 


atient’s weight 
examination thre ontl f posure showed no abnormality 


patient’s health was good. He had 


ight had not changed significantly 


t in such good condition as at 

now leads a more sedentary life. He 

accident. His wife was pregnant at the 

nation revealed a young mat 1 good 
hit wa oted The lenses of his eves showe 


lood urea nitrogen, phenolsulfonphthalein and 
‘ ‘ 1 1 7 7 + 
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HEMATOLOGY 


accident showed little variation; the total leukocyte 


m 5,500 to 8,000 cells per mm.* The lymphocyte level was moder- 


ive changes in the blood count for 30 days after exposure are shown 
ying graphs (p. 363) After an initial period of instability, the leu 
5,000 per mm.,° consideral low the preéxposure level There 
mphocytes but not below the normal level; a definite eosinophi 


kocyte count tell to 
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rht monocytosis occurred here was no cytologic change in the 
the fourth hirtieth days were not examined 
onths that hematologic studies were conducted in the 
little change in the blood count rhe 
5.000 to 6.000 cell t i he lymphocyte count re 
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Fourteen counts were done prior to exposure. Four of these were taken in 

Chicago over a five-month period two years before the accident The average of these 

counts is shown in Period I. Ten counts were performed at Los Alamos in the year prior 
to exposure rhe average of these counts is shown in Period II 
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specimen aspirated three and one-half months after the accident 


microscopically. The differential count on the supravital 
follows 


Per Cent 
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ith 15.6 em. of rhe platelet count was 
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tive more 


SUMMARY 


This 23 year old man received a dose of total-body radiation estimated 
to be equivalent to 55 roentgens of 80-kv x-rays and 4.37 roentgens of gamma 
rays. There was no detectable change in the patient’s physical condition 
and no subjective symptom. The only significant laboratory findings were: 
(1) an initial granulocytosis and instability in the leukocyte count; (2) a 
mild eosinophilia; (3) an increase in the number of refractive neutral red 
hodies in the circulating lymphocytes, and (4) a slight amount of induced 


radioactivity in the urinary and serum sodium and in the urine phosphorus 


here was no significant fall in the erythrocyte count 
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Laporatory Data—Case 9 


Blood Chemistry 
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Blood Clotting Studies 
Clotting and prothrombin time were within normal limits 
Sperm Count 
4 months after exposure 50,000,000 per cubic centimeter 


Urine Amino Acids* 
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LABORATORY Data—Case 9—Continued 


P® Activity in Urine 


5.60 


Na*™ Activity in Urine 


* Corrected for counter efficiency of 0.15 


tory. Before the war he had worked with a cyclotron but had received what is 
believed to be little radiation exposure. He had not been exposed to ionizing radia- 
tion of any kind for six months prior to the accident. Blood counts and urinalyses had 
always been normal 
Medical Findings on Admission to Hospital 
Examination of the patient revealed no physical abnormality. The exposed por- 
I pn) ; 
tions of his skin were sunburned. The temperature and pulse were normal. The 


blood pressure was 120/82 mm. Hg 


C ourse 


had no complaint on admission to the hospital. He felt slightly 


The patient 
nauseated several hours after the accident but ascribed this symptom to nervousness 
and apprehension. His blood pressure on the day following the accident was 108/72 
mm. Hg. He had no other subjective complaint during the four day period of hos- 
pitalization or thereafter. His temperature varied between 97° and 99.5° F. during 
his hospital stay. He noted no weakness, fatigability or gastrointestinal symptom 
Phere was no evidence of erythema or epilation. About two weeks after exposure the 


patient took a strenuous plane trip without ill effects. He has remained well since 


that time 


l ] 35 months after exposure. Ex- 


The patient was well and leading a normal life 
ton showed 1 hysical abnormal Complete tahors . it. ~weated 
tion si ed physical abnormality omplete laboratory studies .reveaied 
no variation from His endurance as revealed by the Index of Fitness for 
Hard Work was ' vhich good for a man of his age and physical condition 


HEMATOLOGY 


wr the 90 day period after exposure 
rhe five blood counts between the 

and eighti Los Alamos Scientific Laboratory 
After the initial period of instabil al leukocyte and granulocyte counts, 
the blood int rem: | normal, with no evidence of leukopenia. The lymphocyte 
count fell the monocyte level. No cytologic 
change was 
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Sixteen blood counts were done in the two years before exposure at the Los 
s Scientific Laboratory. The average of these counts is shown in Period II 
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A bone marrow specimen obtained by aspiration of the sternal cavity on the 
fourth day after exposure showed no significant qualitative or quantitative change 


rhe differential count on the bone marrow specimen follows: 


Le iko« yte 
Granulocytes 
Neutrophils 

Segmented 
sand 
Metamyelocytes 
Myelocyte “C” 
Myelocyte “B”’ 


Eosinophils 
Lymphocytes 
Clasmatocytes, phagocyti 
Reticulum cells 
Plasma cells 
98 
Nucleated red blood cells per 200 leukocytes 87 


Maturation of red blood cells Normal 


count indicated on tl hart, the leukocyte count as determined in 

been stable, ranging from 4,500 to 8,600 
i preexposure level [he average eosinophil 
> exposure was . ‘ells per mm This value varied between 400 to 800 


onths after the accide1 Recent eosinophil counts have been below 300 cells 


The platelet and « hrocyte counts and the | emoglobin level did 
per cent of the lymphocytes were abnormal in refractive body 


the accident. Since this time, very few abnormal lympho- 


not char ge 


» blood count 38 months after exposure was not abnorma 


SUMMARY 


This 36 year old man received a dose of total-body radiation believed to 
be equivalent to 42 roentgens of soft x-rays and 2.72 roentgens of gamma 
rays. He experienced no symptom other than mild nausea several hours 
after exposure, and developed no clinical sign of injury. The leukocyte 
count was high and unstable for several days after exposure. There was no 
lymphopenia, but the eosinophils increased moderately and the number of 
neutral red bodies in the lymphocytes was slightly elevated. The reticulocyte 
count increased several months after exposure when the patient returned 
to Los Alamos after spending several months at sea level. There was no 
abnormality observed in the urine or stool samples or in the limited number 
of chemical determinations on the blood. The blood-clotting time was not 
increased, and the amount of amino acids in the urine was not abnormal 
The urinary corticoid-like substance, coproporphyrin and urobilinogen were 
not increased in amount. There were detectable amounts of radioactivity in 
the serum and urine sodium and in the urine phosphorus. The sperm count 
was within the limits of normal four months after exposure. The patient 
was well and in good physical condition 38 months after exposure. The 
Index of Fitness for Hard Work test at that time showed a score of 90 
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Case 10 
His back was 


CiinicaL History 
The dose of radiation de- 


This 23 year old unmarried man was 16 feet from the assembly 
turned to the critical assembly at the time of exposure. 
to his entire body was estimated to have been equivalent to 33 roentgens of 


He had not been exposed 


livered 

soft x-rays and 2.41 roentgens of gamma rays 
The past, social and family history was 

ionizing radiation or to toxic chemicals. 
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{dmission to Hospital 
Examination on admission to the hospital revealed a young man in good physical 


VU 
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LABORATORY Data—Case 10—Continued 
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significant c re following the last count shown on the chart during the three month 
period in which the blood was studied in the Los Alamos Scientific Laboratory. The 
1 or eosinophilia but there was a slight 


' " 


id not fall. There was no anemia or 
monocytosis. The leukocytes showed no cytologic change in either supravital or fixed 


platelet count d 


preparations \ bone marrow specimen was not obtained 


r blood counts were taken in the 18-month period prior to exposure. The 


average of these counts hown in Period II 


Repeated blood counts between the second and third years after exposure revealed 


h normal white blood count ranging between 8,300 and 11,100 cells per 


lemogram, the erythrocyte and hemoglobin levels, the platelet and reticu- 


bleeding times were within normal limits 
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SUMMARY 


This 23 year old man received a dose of total-body radiation estimated 
to be equivalent to 33 roentgens of soft roentgen-rays and 2.41 roentgens of 
gamma rays. He experienced no symptom and showed no sign of injury. 
Physical examination three years after the accident revealed no abnormality. 
The only abnormality in leukocyte count consisted of an initial granulocytosis 
and instability. There was no lymphopenia and no constant increase above 
normal in the refractive neutral red bodies in the lymphocytes. The ery- 
throcyte count and hemoglobin showed an early rise, followed by a decrease 
to the preéxposure level. Urinalyses, stool examinations, serum sodium, 
blood chloride, uric acid and urea nitrogen were not abnormal. The 
corticoid-like substances in the urine, the urinary coproporphyrin, urobilino- 
gen and amino acids were not elevated. There was a slight amount of 
radioactivity in the serum and urine sodium and in the urine phosphorus 
Sperm counts were not obtained. 


Section I\ Tue Brotocic Basis Fok THE CLINICAL Response SEEN IN THE 
AcuTeE RADIATION SYNDROME 


A. Physical Considerations 
1. Nature of Ionizing Radiation 
2. Relative siologic Effectiveness (R.B.E.) of lonizix v Radiations 
3. Units of Radiation Dosage 
4. Penetration of Matter by Ionizing Radiation 
B. Biological Considerations 
1. Cellular Damage Produced by Ionizing Radiation 
Radiation-induced chemical changes 
b. Mechanisms by which radiochemical changes cause cell injury and death 
1. Inactivation of enzymes 
2. Modification of genes and chromosomes 
c. Types of radiation-induced cell death 
d. Effect of radiation on the cell environment 
2. Tissue Damage Caused by Radiation 
a. Delayed manifestations of tissue damage in animals subjected to whole- 
body radiation 
1. Latent period preceding tissue damage 
2. Other factors influencing tissue damage 
b. Variation in tissue radiosensitivity 
c. Regeneration of radiation-injured tissue 
Contrast of radiation-induced tissue damage with that caused by other 
toxic agents 
Systemic or Constitutional Response of the Irradiated Individual 
a. Toxic products given off by damaged tissue 
b. Disturbances in organ function produced by radiation 
c. Factors secondary to organ damage in radiation injury 
ise of the individual to total-body irradiation 
in the Response of the Individual to Total Body-Irradiation 
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IV. Tue Brotocic Basis FoR THE CLINICAL RESPONSE SEEN IN THE 
AcuTE RADIATION SYNDROME 


The pathogenesis of the acute radiation syndrome can be appreciated 
more completely if one understands the way in which ionizing radiations 


produce biologic damage. Therefore, before discussing the medical aspects 
of this disease, a brief résumé of some of the pertinent fundamental facts and 
concepts underlying the biologic actions of radiation will be presented. Only 
those phases of the subject that relate to the present study are discussed in 
this section. The reader is referred to the book by Lea (1947), to the 
group of articles published in the British Medical Bulletin (Spear, 1946; 
Gray, 1946; Catchside, 1946), and to an article by Zirkle (1949) for a more 
thorough discussion of the actions of radiation on tissue.* 


A. Physical Considerations 


Since this report is written primarily for the physician, it seems worth- 
while to define the more important physical terms and to explain their sig- 
nificance as well as the limits of their application to biology. 

1. Nature of Ionizing Radiation 

The radiations of interest in this study are neutrons, gamma rays, x-rays 
and beta particles. These radiations have in common the property of dissi- 
pating energy in matter by causing ionization of atoms. Ionization, in this 
sense, means the ejection of an electron from its mother atom or molecule, 
with the resultant production of two ions, one being the negatively charged 
electron, the other the positively charged residual atom or molecule. The 
electron usually comes to rest at some distance (perhaps 50 to 100 microns 
in wet tissue) from the positive ion. This separation makes a re-combina- 
tion of the two ions impossible. The ion pair then exists for a fraction of a 
minute before being neutralized by coming into contact with other ions of 
opposite charge. 

The amount of energy expended by radiation in producing an ion pair 
is inconstant, because an electron can be ejected from its atomic orbit with 
varying degrees of violence. Also, many instances of incomplete separation 
of the electron from the atom are known to occur. Such incomplete re- 
moval is known as excitation of the atom (or molecule). Taking excitation 
along with ionization into account, it has been found that the average amount 
of energy expended for every ion pair produced in air or in tissue is about 
32.5 electron-volts. Assuming that all of its energy is dissipated by causing 
ionization or excitation, a single gamma ray or a beta particle having an 
energy of 1,000,000 electron volts will produce 30,785 ion pairs before 
dissipating all its energy in tissue. 

*In most instances in this as well as in succeeding sections, reference is made to recent 
review articles rather than to individual papers. 
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rhe ability of ionizing radiation to produce ion pairs distinguishes it 
from other types of radiation, such as visible light and near ultra-violet rays, 
which lose their energy in tissue largely by the excitation of atoms and 
molecules. The ionization caused by the radiations with which we are 
concerned is of utmost practical importance for two reasons: first, the ioniza- 
tion of tissue is sometimes said to be responsible for all of the biologic effects 
of the radiation * (Lea, 1947), and, second, the ionization of air or tissue 
forms the basis for measurement of the radiation dose. 

2. Relative Biologic Effectiveness (R.B.E.) of lonizing Radiations 

All forms of ionizing radiation produce the same type of tissue reaction. 
However, the efficiency in producing the reaction varies with the nature of 
the radiation, even though the observed final effects are essentially the same. 
For example, neutrons will cause more damage per unit energy absorbed 
in the tissue than will an identical amount of energy dissipated by gamma 
rays or x-rays. The difference in biologic effectiveness of these radiations is 
due to the spatial distribution of the ions produced along the tracks of 
individual particles or photons. In general, the efficiency of a radiation in 
causing biologic damage can be correlated with the density of the ions it 
produces (Zirkle, 1935). lor example, fast neutrons, which cause ioniza- 
tion in an indirect manner described in Section VIII, produce dense clusters 
of ions, while gamma rays produce relatively widely scattered ion pairs. 
lherefore, fast neutrons are more effective in causing biologic damage than 
are gamma rays, but they are not so damaging as alpha particles from radium, 
which cause even denser ion tracks (Zirkle, 1935). 

rhe term relative biologic effectiveness (R.B.E.) has been introduced to 
take into account the quantitative difference in the biologic action of ionizing 
radiation per unit of energy absorbed (Zirkle, 1943). The R.B.E. is a 
convenient term for use in comparing damage produced by different radia- 
tions. For example, in most acute reactions in mammalian tissues, the 
R.B.E. of fast neutrons as compared to gamma rays has been reported to be 
between four and 10 (Gray et al., 1940; Evans, R. D., 1947); in cases of 
chronic exposure to the two radiations, the R.B.E. is even higher. In the 
former comparison it is meant that one unit of energy of fast neutrons will 
produce the same biologic effect as four to 10 units of gamma rays, the units 
of energy being those actually absorbed in the tissue. It must be emphasized 
that the R.B.E. determined for a single biologic effect does not hold for all 
tissue reactions. Thus, the R.B.E. for fast neutrons and gamma rays is 
not a constant, but differs for different measured effects in a single tissue, and 
even for the same effect in different tissues of the same individual. This 
means that it is not feasible to use a single value for the R.B.E. to cover all 
biologic effects seen in animals exposed to two different radiations. 


* Recently, it has been shown that in certain radiochemical reactions as exemplified by 

lissociation cf organic chlorides, excitation plays a more important role than ionization 

\. Andrews, personal communication). It seems possible that reactions of this type, 
h as yet undemonstrated, may take place in irradiated protoplasm. (See also Gray 
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Despite differences in effectiveness, and in some cases in the mechanism 
of producing tissue damage (see Sections VIII and X), the biologic actions 
of the different types of ionizing radiations are sometimes directly addi- 
tive. Thus, if an animal receives half of a lethal dose of fast neutrons and 
half of a lethal dose of gamma rays, death will occur in the same manner as 
if a lethal dose of either radiation had been given singly (Zirkle et al., 1945). 
There are other experiments, however, which indicate that sometimes the 
actions of the combined radiations can be less effective than either applied 
alone ( Mitchell, 1947-b). 

3. Units of Radiation Dosage 

The units of ionizing radiation in common usage are the roentgen, the 
roentgen equivalent physical (rep), the roentgen equivalent man (rem), and 
the gram-roentgen.* As stated above, the ionization of air or tissue forms 
the basis for measurements of radiation dose. The units of dose are defined 
in terms of numbers of ions produced per cubic centimeter of air under 
standard conditions or per gram of aqueous tissue. Since the amount of 
ionization depends upon the energy dissipated by the radiation, the radiation 
dose may also be expressed in terms of the energy loss per unit mass of air 
or tissue. This latter designation is particularly convenient for use in dose 
computations. 

A roentgen of x-rays is that amount which will produce 2.08 x 10° ion 
pairs in a cubic centimeter of air under standard conditions of temperature 
and pressure. It may also be defined as that amount of radiation which 


dissipates 83.8 ergs per gram of dry air. It is important to realize that this 
term does not refer to the rate at which the radiation is administered or to 


the amount of tissue exposed to the x-ray beam. 
Since, strictly speaking, the roentgen can be used only for measuring 
X-rays and gamma rays, other units have been formulated to describe doses 


of beta rays, neutrons and other types of radiation. Of these, the roentgen 
equivalent physical, or rep, perhaps the unit most frequently used in America, 
was until recently based on the ionization of air. The rep was formerly 
defined as that amount of any ionizing radiation (beta rays, neutrons, etc. ) 
which produces the same number of ion pairs per gram of air (or which 
dissipates the same amount of energy per gram of air, namely, 83.8 ergs) 
as one roentgen of x-rays or gamma rays. Now, however, the definition of 
the rep has been modified so that it refers to the energy dissipated in a gram 
of aqueous tissue rather than in air (Parker, 1950).7 As has been pointed 


* The n unit, an empiric unit of neutron dosage frequently seen in the radiobiologic 
literature, is based on measurements using a certain type of commercially available ioniza 
tion chamber. It is defined as the neutron dose, which gives the same reading in a Victoreen 
Thimble Chamber as 1 roentgen of gamma rays from radium. The value of the n differs 
slightly for 25- and 100-roentgen chambers 

+ The energy dissipated by a given radiation is not the same in air and tissue. The 
difference in energy adsorption is particularly marked in the case of neutrons, for reasons 
that will become obvious in Section VIII, when the mode of interaction of neutrons and 
matter is discussed 
magnetic radiation absorbed in air and tissue. Thus, the energy loss by one roentgen of 
hard x-rays is 83.8 ergs per gram of air and 93 ergs per gram of wet tissue. This difference 
must be taken into consideration in dose computations 
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out, the biologic efficacy for a given amount of ionization varies with the 
type of radiation. In an attempt to take the relative biologic effectiveness 
into consideration so that doses of different kinds of radiation can be com- 
pared directly, the term roentgen equivalent man, or rem, has been intro- 
duced. A rem of any type of radiation—neutrons, for example—is defined 


as that amount which is equivalent in its biologic action on tissue to 1 
roentgen of hard x-rays. This value for any type of radiation can be com- 
puted by multiplying reps by value of the R.B.E. of the radiation compared 


to hard x-rays 

Since the terms roentgen, rep and rem do not take into account the 
amount of tissue which has been irradiated, the gram-roentgen, another 
radiation dose unit, has appeared (Mayneord, 1940; Evans, 1947). One 
gram-roentgen is defined as the energy lost in 1 gm. of air by one rep of 
ionizing radiation or 83.8 ergs. In dose calculations, this unit is sometimes 
used to integrate the total energy dissipated in a mass or volume of tissue ; 
the radiation dose so derived is called the integral or volume dose. In such 
an application, the integral dose is the product of the radiation dose in energy 
units multiplied by the mass of irradiated tissue in grams. This means that 
the same integral dose is delivered whether 100 gm. of tissue are irradiated 
with 1 roentgen or 1 gm. is exposed to 100 roentgens. It turns out that 
the amount of energy lost by radiation in passing through the human 
body is usually large compared to the gram-roentgen. Therefore, the term 
“megagram-roentgen” is often used in practice when this unit is applied to 
measurements in man 

+. Penetration of Matter by Ionizing Radiation 

lonizing radiations differ in their ability to penetrate tissue. Fast neu 
trons, energetic gamma rays and hard x-rays have great powers of penetra 
tion. Thus, radiation of this type originating from a source outside the 
body has the potentiality of reaching and injuring all of the organs in the 
body. Neutrons, however, are less penetrating in aqueous tissue than are 
X-rays or gamma rays of the same energy. Soft x-rays are also considerably 
less penetrating in tissue than are hard x-rays or gamma rays. The range 
of beta rays in tissue, in contrast to that of the penetrating radiations, is not 
more than 2to4mm. Thus, beta rays from a source outside the body can 
injure only the skin and skin appendages. The effect of beta rays from 
radioactive materials deposited inside the body is similarly confined to the 
cells in the immediate vicinity of the radioactivity. 

The term “depth dose” is frequently used to describe the penetrating 
power in tissue of a beam of radiation which originates outside the body. 
It refers to the fraction of the radiation dose which reaches a given point 
within the body, and is usually expressed in terms of the per cent of the dose 
at the body surface. The depth dose depends upon the type and energy of 
the radiation and the size of the beam. This term is particularly useful in 
the radiation therapy of internally placed tumors 
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B. Biologu Considerations 


In order to translate the physical phenomenon of ionization into the ulti- 
mate clinical picture of the acute radiation syndrome, it is nec ary to con- 
sider each stage in the sequence of events leading to the response of the body 
asawhole. Thus, the biochemical changes induced by ionizing radiation in 
protoplasm must be viewed at the level of cellular activity; similarly, the 
reaction of injured tissues should be evaluated in terms of damage to the 
component cells; and, finally, the clinical response of the individual can be 
appreciated only when the damage to each organ system is taken into account. 

In discussing the fundamental biologic reactions, it will be noted that 
conclusions concerning radiation effects in man are drawn from observations 
on numerous biologic materials, ranging from simple unicellular organisms 
to complex tissues of other animal species. The tendency to oversimplify 
biologic mechanisms and to explain all observed phenomena in terms of 
those mechanisms which we understand is obvious. The extrapolation of 
diverse data to man and the oversimplification of cell mechanisms serve a 
purpose, since they provide stepping-stones to a working concept of the 
nature of the acute radiation syndrome 

1. Cellular Damage Produced by lonizing Radiation 

The fundamental lesion in the irradiated individual is damage to the 
cell. The cytogenetic response of individual irradiated cells is incompletely 
understood, but discussion of experimental observations and of the present 
concepts of the mechanism of cell damage can add to our understanding of 
the biologic response in man. 

a. Radiation-induced chemical changes 

Irradiation of cells or tissues leads to chemical changes in the molecules 
which have been ionized. The chemical reactions that occur in protoplasm 
are of two general types, depending upon the character of molecule which 
has been affected. Thus, there may be radiochemical changes due to ioniza- 
tion of either molecules of protoplasm or water molecules (discussed by Lea, 
1947). Inthe first instance, a molecule which has been ionized may undergo 
either chemical modification or disruption. For example, a protein molecule 
may be denatured or broken into smaller peptide units as a result of ioniza- 
tion. It is easy to see how such a biochemical change may lead to cell 
injury, particularly if the affected molecules are important to the function of 
the cell. In the second type of chemical change, that involving water mole- 
cules, it is believed that ionized water molecules may undergo a series of 
chemical transformations which can result in the formation of highly reac- 
tive radicals or compounds. For example, there is indirect evidence that 
ionized water molecules may be converted into uncharged hydroxyl radicals 
(OH), atomic hydrogen (H), hydrogen peroxide (H,O,) and hydro- 
peroxide (O2H) (Lea, 1947). It has been suggested recently that irradia- 
tion of water containing organic material also leads to the formation of 
more stable organic peroxides (Barron, Flood, Gasvoda, 1949). These 
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“activated” products formed in the aqueous medium of protoplasm can react 
with organic constituents of the cell, and this provides an indirect mechanism 
whereby cell damage can be produced. 

lhe primary radiochemical reactions in irradiated aqueous media are 
limited quantitatively by the number of atoms which have been ionized. 
Usually one or not more than two or three molecules undergo a chemical 
change for every ion produced (Lea, 1947). In some organic compounds, 
the yield of chemical reactions is much lower than this. Since ionization 
occurs randomly throughout protoplasm, it may be calculated that two or 
three ionizations and subsequent chemical changes occur in the aqueous 
medium for every one in the constituent molecules of protoplasm. It is 
impossible to say at present which of these two types of radiochemical reac 
tion, i.e., that in water or in protoplasmic molecules, is more important bio 
logically. Undoubtedly, many of the organic molecules, modified directly by 
irradiation, are unimportant to immediate cellular function, and a change 
in their chemical nature does not interfere with normal cellular activity. 
In the case of the formation of activated products of irradiated water, the 
loss of individual water molecules per se does not affect the cell directly. 
However, labile groups of nearby molecules compete for the highly reactive 
water products which, being small, can move easily in protoplasm and act 
over large molecular distances. It seems likely that the most labile of the 
chemical groups in the protoplasm will attract the activated products and 
undergo more chemical reactions than will less labile groups. For example, 
it has been shown that sulfhydryl groups of a certain kind are particularly 
prone to be oxidized in this manner (Barron and Dickman, 1949; Barron 
et al., 1949). Thus, there would seem to be a certain degree of selectivity 
in radiochemical reactions in protoplasm, although not in the same sense as 
occurs in ultraviolet radiation, which is selectively absorbed by specific 
molecular groups 

b. Mechanisms by which radiochemical changes cause cell injury and 

death 

When living tissue is exposed to penetrating radiation, such as the 1.3 
million volt gamma rays from radioactive cobalt or the gamma rays from 
radium, which have an average energy of 0.7 million volts, energy is ab- 
sorbed fairly uniformly throughout the tissue mass. Ion pairs are produced 
at the rate of about 1.8 ion pairs per cubic micron of tissue per roentgen. <A 
nominal tissue cell having a volume of 500 cubic microns will have formed 
in it about 900 ion pairs for every roentgen 

Thus, it becomes obvious that the amount of energy which produces 
lethal effects in cells is exceedingly small. For example, 400 roentgens of 
x-rays, which will cause serious or possibly fatal radiation injury in man, 
produce approximately 360,000 ion pairs in a cell having a volume of 500 
cubic microns rhe amount of energy responsible for this ionization is 
less than one millionth of the energy expended by the cell in aerobic and 
anaerobic metabolism during the course of 24 hours of normal life. The 
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small amounts of energy involved and the consequent small number of ion 
pairs formed mean that only a very small fraction of all of the molecules in 
a cell will be affected even after exposure to large doses of radiation. It 
has been estimated that a dose of 1,000 roentgens of x-rays modifies only 
one in 10,000,000 molecules in a cell of average size (Zirkle, 1949). These 
considerations make one realize that the primary radiochemical changes 
which occur randomly among a relatively few molecules must be greatly 
amplified by intracellular processes to account for the visible structural 
changes seen under the microscope in radiation-injured tissues. Although 
there may be other methods of amplification of primary radiation effects, the 
following two mechanisms have been observed experimentally: (1) inac- 
tivation of enzyme molecules, and (2) modification of key genetic units 
within the cell nucleus. 

(1) Jnactivation of enzymes: Inactivation of a single enzyme molecule 
by radiation may influence many thousands of other molecules in the reaction 
system. This can be illustrated by the accumulation of ribonucleic acid in 
the cytoplasm of irradiated cells, as demonstrated by ultraviolet photo- 
micrography (Mitchell, 1942). It has been calculated that at least 1,000 
to 100,000 nucleic acid molecules are indirectly affected for every molecule 
directly ionized by radiation ( Mitchell, 1943, 1946). The actual amplifica- 
tion must be much greater than this, since only relatively few of the molecules 
directly modified by the radiation are concerned with nucleic acid metabolism 
It seems obvious that this effect on nucleic acid metabolism must be mediated 
through damage to enzyme systems. This has been confirmed by the ob 
servation that irradiation of rats diminished the ribonuclease activity in the 
spleen (Carter, 1949). Further and more direct proof of the action of 
radiation on intracellular enzymes is shown by the selective inhibition of 
sulfhydryl oxidative enzymes in various tissues demonstrable after exposure 


of an animal to 100 roentgens or more of x-rays (Barron, Wolkewitz and 
Muntz, 1947).* 
(2) Modification of genes and chromosomes: A far more effective 
method of amplifying primary radiation effects is through destruction or 
modification of key intranuclear molecules which control important cellular 


processes. ‘Two main types of such intranuclear changes have been shown 
to be responsible for severe damage or death of cells. The first, and possi 
bly the simplest, is the gene mutation. A mutation of this sort can be pro 
duced by a single ionization or, at the most, a cluster of two or three 
ionizations within a gene unit (Lea, 1947). The yield of mutations is 
directly pre portional to the dose for single doses greater than about 1 roent- 
gen. For very low doses, much less than 1 roentgen, the experimental data 

*Indirect experimental evidence suggests that the effect of radiation on the easily 
damaged -SH enzymes results from the inactivation of the molecule by “activated” water 
(Barron and Dickman, 1949-a). The effect of radiation on the more resistant non-SH 
containing enzymes is believed to be a result of denaturation of the enzyme molecule. The 
great radiosensitivity of the former type of compound is shown by the fact that significant 
inhibition of adenosine triphosphatase can be achieved by irradiation of a pure solution of 
the enzyme with one roentgen of x-rays (Barron et al., 1949-b) 
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do not indicate a strict proportionality (l:vans, 1949; compare, however, 
Muller, 1950). The second type of intranuclear damage is due to the pro 
duction of structural changes in chromosomes. Breakage of chromosomes 
may occur if an ionizing particle passes through a chromosome or in its 
immediate vicinity (Lea, 1947).* As few as 20 ionizations within a 
chromosome may be sufficient to cause a chromosome break (Gray, 1946). 
rhe number of simple chromosome breaks, like the yield of gene mutations, 
1S directly proportional to the dose for large doses of the magnitude asso 
ciated with the acute radiation syndrome. It has been estimated that 2,048 
roentgens of x-rays would be required to cause an average of one break pet 
chromosome in irradiated grasshopper neuroblast cells (Carlson, 1941). 
Most chromosome breaks are restituted, but persistence of the fragments or 
abnormal structural rearrangements occur frequently. Chromosomal ab 
normalities can be visualized easily during mitosis, when the chromosomes 
become large and readily stainable. Examples of bizarre chromosomal 
aberrations can be seen in the photomicrographs of lymphoid and intestinal 
tissues of the fatally injured patients of the present series. (See photo- 
micrographs, Appendix [.) 

Gene mutations and structural changes of chromosomes can lead to 
death of the cell. Lethal gene mutations have been convincingly demon- 
strated in bacteria and viruses (Lea, 1947). Recessive lethal gene muta- 
tions (which may not become manifest for many generations) also have 
been observed in fruit flies (Drosophila melanogaster) (\Lea, 1947). In 
irradiated mammals there are relatively few rigidly proved examples of ex 
perimentally produced gene mutations in germ plasm (Hertwig, 1939; 
Charles, 1949). In contrast to lethal gene mutations, which can be easily 
demonstrated in lower organisms but not in higher animals, chromosomal 
aberrations (or chromosome mutations, as they are sometimes called it 
mitosis is successful) have been shown to be an important cause, if not one 
of the primary causes, of cell death in many biologic materials, including 
mammalian tissues (Lea, 1947). Chromosomal aberrations, such as the 
failure of a broken chromosome to restitute, or the formation of chromo 


somal bridges, may render a cell incapable of dividing for obvious mechanical 


reasons. Presumably, this type of chromosomal damage is responsible for 
the delayed type of cell death which occurs during mitosis, discussed later in 
more detail. Even though a cell with chromosomal structural changes may 


» concept that ionization occurring within a specific and often submicroscopic por 
ell leads to cytogenetic change of a definite type is known as the “target theory 

theory has been used for some time to explain the quantitative aspects 

gene mutations and chromosome breaks. The comparatively recent 

! 


hemicals such as the nitrogen mustards can also produce mutations an 

makes it clear that other mechanisms besides that implied in the target 
theor pl role in the production of radiation-induced 
1949) ne of the other obvious mechanisms is that mediated through “activated” water 
It has been stated recently that the target theory is encountering more and more difficulty 
in explaining radiation effects even in relatively stable biologic systems (Koller, 1949). It 
is evident from the opinions expressed in the current literature that increasing emphasis is 
being placed on indirect or radiochemical mechanisms as a cause of cytogenetic effects in 


irradiated tissues 


cytogenetic changes (Zirkle 
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complete mitosis successfully, the genetic imbalance in the daughter cells 
may be incompatible with life or continued reproduction.* 

c. Types of radiation-induced cell death 

Overlooking, for the moment, indirect cell death due to radiation effects 
on the cell environment, it appears that there are two main types of direct 
radiation-induced cell death. The first is observed in cells in the resting, or 
intermitotic, stage. This mode of death occurs soon after exposure and is 
caused only by large radiation doses. The exact mechanism responsible for 
prompt cell death is not clear, but it seems likely that it is due to disruption 
of enzyme systems. Histologically, this type of cell death is similar to the 


nonspecific cytolysis seen in other pathologic conditions The second 


kind of death does not occur until the fatally injured cells attempt mitotic 
division. Such delayed cell death, produced by relatively small doses of 
radiation, is probably due to chromosomal damage (Lea, 1947). Cell 
death during mitosis is encountered rarely, if ever, except in tissues injured 
by radiation or mitotic poisons. 

The two types of radiation-induced cell death are illustrated by experi 
ments with tissue cultures (Laznitski, 1940, 1943). Exposure of a culture 
of chick fibroblasts to 2,500 roentgens of x-rays results in the degeneration 
of a substantial number of resting cells within a few hours. In contrast, 
irradiation of the tissue cultures with 100 roentgens has no immediate effect 
on the resting fibroblasts. Later, however, when many of these cells try to 
divide, they either degenerate during the act of mitosis or produce nonviable 
daughter cells. 

Delayed cell death during or after mitosis can be demonstrated indirectly 
in vertebrates. Irradiation of an animal (tadpole, mouse, etc.) produces a 
prompt decrease in the mitotic activity of proliferating tissue (Spear and 
Glucksmann, 1938; Knowlton and Hempelmann, 1949) This is due to 
the fact that cells in the premitotic phase are rendered temporarily unable 
to enter mitosis. After a lag period, the length of which depends upon 
the size of the dose of radiation and the nature of the tissue, the cells regain 
their ability to divide. Careful studies correlating the mitotic activity with 
cell degeneration after irradiation with a few hundred roentgens of x-rays 
indicate that, in tadpoles and in the developing rat retina, degeneration of 
cells does not occur until mitotic activity is resumed (Spear and Glucksmann, 
1938; Tansley, Spear and Glucksmann, 1937). There is an excellent cor- 

* The consideration of nonlethal gene or chromosome mutations in germ plasm, with 
transmission of altered characteristics to the offspring of an individual, is beyond the scope 
of this discussion. The reader is referred to a recent report by Dr. Donald Charles (NEPA, 
1949) and to other sources (Glucksmann, 1946) for a consideration of the effect of acute 


doses of radiation on reproductive tissues. The papers by Evans (1949) and Muller (1950) 
show the divergent opinions as to the ultimate quantitative effects on future generations of 
radiation-induced mutations in germ cells 

+ The cause of the delay in cell division is not definitely established, but it may be 
related to the temporary disturbance in the desoxyribonucleic acid metabolism shown to occur 

radiation-injured cells (Hevesy, 1945; Lea, 1947). Recently it has been suggested that 
the suppression of mitosis after irradiation is related to the high sulfhydryl! content of divid 
ing cells (Barron and Dickman, 1949-a) 
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relation between the numbers of mitotic figures and degenerating cells. This 
is strong circumstantial evidence that the tissue cells do not die until they 
attempt to divide 

Ixperimental study also indicates that animal cells are particularly sensi 
tive to the chromosomal type of lethal radiation damage in the stage of 
mitosis just preceding prophase ( Marshak, 1942-a). The premitotic radio 
sensitivity is not so pronounced with neutron irradiation as with x-rays 
(Marshak, 1942-b; Spear and Tansley, 1944). This observation, which 
suggests that the resting cells are more severely damaged by neutrons than 


by x-rays, is an example of one of the few demonstrable qualitative differ- 


ences between the biologi actions of these two types of radiations. In con 
trast to these observations in animal tissues, it has been possible to show that 
in plant cells (Trillium) irradiated with x-rays, chromosomal damage is 
greatest in the metaphase and anaphase stages of mitosis (Sparrow, 1944) 
lhe chromosomal abnormalities so induced do not become manifest until 
the following cell division. Other experiments with wasp eggs (Whiting, 
1945) and with 7Vradescantia also indicate that cells in the late stages ot 
mitosis at the time of irradiation are more susceptible to radiation injury 
than are cells in prophase. In Tradescantia, cells which are irradiated dur 
ing metaphase suffer about 10 to 15 times as many chromosomal aberrations 
as do those in prophase and about 30 to 50 times as many as do resting cells 
(A. 1D). Conger, personal communication). It is conceivable that, had the 
animal experiments mentioned above been continued through the second 
postexposure cycle, cells in other phases of mitosis would also have been 
found to be more radiosensitive than those in prophase 

d. Effect of radiation of the cell environment 

\lthough cellular damage due to intracellular changes is undoubtedly 
important, recent experiments have shown that the effect of radiation on the 
environmental media also may contribute to the injury of simple organisms 
(Evans, T. C., 1947; Dickey, Cleland and Lotz, 1949). In the complex 
body tissues of mammals, it is likely that the action of radiation on the cellular 
environment must play an even greater role in determining the response ot 
the cell. Thus, damage to its blood supply or the action of toxic products 
given off by adjacent dead or dying tissue may cause death of the irradiated 
cell. The dry gangrene and ischemic necrosis of the tissues of the hand of 
case 1 are examples of cellular death en bloc, due to interruption of its blood 
supply. The relative importance of direct cellular damage and of environ- 
mental changes in producing death of irradiated tissues is not clearly under 
stood for the dose range usually responsible for the acute radiation syndrome 
In the higher dose ranges, such as are used in radiation therapy, it seems 
most probable that both factors contribute to tissue death (Koller, 1947; 
Lasnitzki, 1947) 
2. Tissue Damage Caused by Radiation 

The reaction of tissues exposed to ionizing radiation is obviously a 
consequence of damage to and death of its component cells. Since the 
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clinical response in patients with the acute radiation syndrome is determined 
by tissue damage of individual organ systems, it is important to consider 


carefully the manner in which such damage occurs. 

a. Delayed manifestations of tissue damage in animals subjected to 

whole-body radiation 

If the tissue reactions in man and animals are considered in the light of 
the data presented above, one would expect the “delayed’’ or chromosomal 
type of cellular death to predominate as a result of the doses of total-body 
radiation usually responsible for the acute radiation syndrome (50 to 1,500 
rem). This is borne out by clinical and histologic observations. An ob- 
vious clinical example of delayed damage of tissue is found in the case of 
skin heavily treated with high voltage x-rays; here, epidermolysis may not 
occur for a week or more after exposure. Histologic evidence of cellular 
destruction also is seen only after a period of delay which varies from tissue 
to tissue. For instance, in the case of lymphoid tissue of rabbits given 800 
roentgens of x-rays, the delay in cellular death is only 30 minutes, whereas 
in the epidermis of mice exposed to 5,000 rep of beta rays, marked his- 
tologic damage is delayed for 10 days (Bloom, 1948). 

rhe latent period before damage of tissue becomes manifest and the rate 
at which destruction proceeds deserve further consideration 

(1) Latent period preceding tissue damage: There is no direct experi 
mental evidence which explains the variability in the latent period before 
cellular death and in the rate of destruction of tissue of different organs. 
However, one can postulate a mechanism which would account for such 
variations. Thus, it has been shown that most cells with severe chromo- 
somal damage do not die until they attempt to divide. Death, therefore, is 
delayed until the tissties recover from the radiation-induced inhibition of 
mitotic activity. The rate at which the tissues recover their ability to pro- 
liferate is known to vary for different organ systems (Knowlton and Hempel 
mann, 1949). For example, in mice exposed to sublethal doses of x-rays, 
the lymphatic tissues and intestinal epithelium begin to proliferate soon after 
irradiation, whereas recovery of mitotic activity in the epidermis is delayed 
for a matter of days. The latent period before cellular death and also the 
rate of destruction of these tissues show comparable variations. Why such 
chronological differences in the response of different tissues exist is not 
clear. It has been proposed that the time of the tissue response might be 
correlated, in a general way, with the life span of individual cells in the tissue 
(Knowlton and Hempelmann, 1949). According to this hypothesis, a 
tissue composed of short-lived cells will respond promptly to radiation, while 
tissues whose cells have a long life span show a longer latent period. 

Actually, the knowledge of the intermitotic time of cells in normal tissues 
is limited and is complicated even in simple tissues by the fact that cells are 
in different stages of maturation, each of different life span. Generalization 
of this theory to all tissues is not justified at this time. In certain tissues, 
however, if the values given for intermitotic times are reliable, this concept 
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holds true and may be used as a working hypothesis. Thus, the epithelium 
of the small intestine, whose intermitotic time in the rat is said to be 1.35 
to 1.57 days (Leblond and Stevens, 1948), undergoes prompt and rapid 
destruction after irradiation. In contrast to this tissue, consider the more 
slowly proliferative human skin, the life span of whose basal epithelial cells 
has been calculated to be 129 days (Hoffman, 1949). Clinically and his 
tologically, epidermolysis develops slowly and lasts for a number of weeks 
Finally, examples of very slowly proliferating or nonproliferating tissues are 
provided by the liver, muscle and nerve cells. Death of cells due to chromo 
somal damage, if our assumptions are correct, should be rare or should not 
occur at all in these tissues. Histologic studies indicate that cell death is 
unusual in these radio-resistant tissues except with very high doses.* 

(2) Other factors influencing tissue damage: Although it is tempting to 
try to simplify the concept of radiation injury by explaining all phenomena 
on the basis of inability of the injured cells to divide successfully, it must be 
stressed again that environmental changes contribute to the destruction of 


] 


Delayed cellular death can well be due, in part, to the action of 


radiation on the blood vessels and to other changes in the cellular environ- 
ment \lso, it should be pointed out again that extremely large doses of 


radiation can cause prompt cellular death even in nonproliferating tissues. 
ns 


Thus, extensive cellular destruction was noted in all types of tissue, including 


the muscle and brain of rabbits, at the end of a three hour period of exposure 
during which 50,000 roentgens of x-rays were administered (Henshaw, 
1943) 
b. lariation in tissue radiosensitivity 
The wide variation in the degree of injury suffered by different organs 
of an animal exposed to radiation has been the subject of much discussion 
In the early days of study of the biologic effects of radiation, a law was 
formulated to be used as a guide in predicting the response of normal and 
tissues to radiation rhe postulate, sometimes called the “Law of 
Bergonie and Tribondeau” (1906), or also the “Law of Lacassagne” ( Muller 
1950). states, in effect, that the radiosensitivity of a tissue is directly pro 
tional to the mitotic activity and inversely proportional to the degree of 
fferentiation of the cells. In practice, there are many exceptions to the 
OpPOse d generalization 
While it is true that there are great differences in radiosensitivity, as, for 


} 


instance, between a nerve cell and a lymphocyte, it is important to bear in 


iat there are no absolute and clearly defined categories of radiosensi 
It seems advisable, therefore, to follow an arbitrary classification, 

has been used in the study of the radiosensitivity of neoplasms 

cases the facts fit the hypothesis, it is obvious that this is a 

lation For example, in the case of the liver, the 

nsion of the tissues, rather than the low prolifera 

liver tissue (L. L. Miller, personal 


part. not only in radio-resistance but 
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(Warren, 1941). In this scheme, tumors are placed in the following broad 
and ill-defined groups: (1) radiosensitive, (2) radio-responsive, and (3) 
radio-resistant. 

If such a classification is applied to normal tissues, the blood forming 
organs and reproductive tissues fall into the first, or radiosensitive, group; 


the epithelium of the gastrointestinal tract, the skin and the connective 


tissues can be placed in the radio-responsive group, and the radio-resistant 
group is composed of the cells in the remainder of the organ systems of the 
body. 

\s mentioned previously in this section, the sensitivity to the actions of 
radiation is undoubtedly the result of many factors inside and outside the 
cell itself. One factor which would appear to influence tissue radiosensitivity 
is the proportion of cells in the premitotic phase during which radiation in 
jury is readily produced. Another factor is the vascularity of the tissue. 
Since, however, neither of these measurable characteristics gives a satisfac 
tory guide to radiosensitivity, it may be assumed that there are other un- 
known factors which are important in determining the response of cells to 
the damaging actions of radiation 

c. Regeneration of radiation-injured tissue 

Regeneration of a tissue injured by ionizing radiation may occur before 
cessation of tissue destruction or at a variable time thereafter. The degree 
to which a tissue regenerates depends upon the number of surviving stem 
or mother cells and upon the innate ability of the surviving cells to prolifer 
ate. It also depends upon the damage sustained by the vascular supply of 
the tissue. For example, the atrophic nature of the skin covering an old 
x-ray burn undoubtedly is a reflection, in part, of the poor vascular supply 
What factors govern the time at which regeneration starts are not cleat 
Healing of the epithelium in an acute x-ray ulcer may be delayed for months 
and then occur suddenly and rapidly. Waves of destruction and regenera- 
tion have been described in some tissues, and these phenomena also are 
beyond explanation at present 

d. Contrast of radiation-induced tissue damage with that caused by other 

toxic agents 

[t should be emphasized that the delay in the occurrence of death of tissue 
differentiates radiation injuries from those produced by other physical 
agents, such as heat or electricity. The latter cause immediate cellular 
death, presumably by coagulation of cellular proteins. The clinical picture 
in the acute stage of thermal burn injuries, for example, represents the sum 
total of the reactions of the body to localized and usually superficial dead 
tissues which were killed at the time of the injury. The clinical response 
in acute and subacute radiation injuries, on the other hand, is the local and 
systemic reaction to dead and dying cells which persist in selected tissues 
throughout the body for a matter of weeks. The prolonged period of tissue 
destruction is not unlike that in certain chemical poisonings or bacterial 


infections 
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3. Systemic « itt onal Response of t Irradiated Individual 
Death or damage t ue anywhere in the body may lead to a systemic 
response on the par the body as a whole Che body reacts both to the 


toxic materials released by the dead and damaged tissues and to factors 


secondary to such damage (infection, fluid loss, ete.). The general pattern 


of the systemic response is the same in the case of many injuries or diseases 


1 
in which breakdown of tissue is prominent, but each condition has its own 


nique aspects duc 1¢ type of tissues involved. In the acute radiation 

syndrome, the systemic response is further modified by the fact that some of 

the organ systems which usually participate in the response the bone mar 

row, for example are themselves injured. The factors responsible for th 
systemic reaction in the acute radiation syndrome are now considered 

agreed that dead or injured tissues give off toxic sub 

hen discharged into the general circulation, are responsible 

vstemic or constitutional reaction of the body as a whole. 

noxious materials has not been established, but 

f proteins (peptones) or 

compounds ), hi en suspected of being the active 

damaged tissue. The toxic agents need not necessarily 


breakdown products of the tissue itself but may result from the inflamma 
ry reaction or from exotoxins prodt by bacteria multiplying rapidly 


in the damaged tissu Thus, pyrexin, a glycopeptide which produces fever 


1947) \lso. toxins from Clostridium welchtt and other anaerobes 
| 


when injected into animals, has been extracted from inflamed tissues (Men 


een shown to be important in the production of experimental traumati 


\\ 


{ 


in animals (Aub, 1944) 
experimental worl gest at much of the biologic active 
ff after injurv 1 from injured rather than dead 
st cells exposed to sublethal doses of ultraviolet radiation 
harge into the suspending medium much larger amounts 
growth-promoting properties than do untreated or killed 
Histologic stt suggest that some of th 
sequence of a thermal burn are formed by 
he dead tissue (Leach, Peters and Rossiter, 
no experimental work indicating that an 
lition occurs in tissues injured by ionizing radiation. It 
owever, that under certain conditions (such as in the markedly 
of the upper arms of cases 1 and 3), a large share of the 
caused the systemic response could come from radiation 

viable tissues 


pry ai ed hy radiation 


function of organs, such as the interference 


with production of granu | 1e bone marrow and the breakdown of 


the intestina ) ! \ ic the epithelium, need not be discussed 
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Ihe more subtle functions of tissues, such as secretory activities, also may 
be altered by radiation. For example, the ability of the body to form anti- 
bodies is depressed after exposure of an animal to moderately large doses of 
irradiation (Craddock and Lawrence, 1948). Similarly, the decreased 
secretion of saliva caused by irradiation of the salivary glands is well known. 
The effect of radiation on the activity of the adrenal gland also has been 
demonstrated (Patt, 1947). The resultant reaction of the adrenal glands 
may be responsible for some of the constitutional reactions of the irradiated 
animal. It may be assumed that the function of all organ systems. is disturbed 
to some degree (depending upon the radiosensitivity of the tissue and upon 
the dose) by the exposure of an animal to a large or moderately large dose 
of penetrating ionizing radiation. 


fo organ daiiage addi 


c. Factors se ondary 
Many factors secondary to damage of organ systems play a prominent 
role in determining the acute reaction in the radiation-injured animal. lor 
example, invasion of the body by intestinal bacteria unquestionably influences 
the terminal clinical response and may even cause the death of some animals 
(Bennett et al., 1949).  Sucl 


epithelium, d 


1 
I 


1 invasion is secondary to loss of the intestinal 


destruction of myelopoietic tissues and diminution in the ability 


the resistance of 


i 
of the body to form antibodies—all of which factors lower 


the body to infection. Similarly, dehydration, unless remedied, may modify 
the clinical response Chis is a reaction secondary to damage to the intes 
tinal tissue. Malnutrition subsequent to loss of tite and impaired 
absorption in the damaged intestines also influenc ie clinical picture 
These and other secondary factors, some of which lend themselves to treat 
ment, are important in shaping the systemic reaction of an individual with 
the acute radiation syndrome. 
d. Response of the individ lual to total body irradiation 
\s has been pointed out, the acute response of the individual to sublethal 
lethal doses of ionization, and therefore the clinical picture as a whole, 
is the result of the total damage inflicted on all organ systems in the body 
as well as on factors secondary to such damage. It is appropriate in this 
connection to summarize briefly what has been said already about the effect 
of radiation on the organs and their component parts 
Radiation damage to each organ system is the result of two types of 
tissue injury: (1) the direct injury and death of cells by intracellular chemi 
cal changes or by modification of the cellular environment; and (2) the 
indirect injury to the tissue caused by (a) the products liberated by dead and 
damaged cells in the same or distant organs, and (b) the disturbed function 
of other interrelated organs. The extent of the damage to each organ system 
-- nds primarily upon the radiosensitivity of its cells. The rate of destruc 
tissue vari fron » tissue to another in such a manner that de 
id ft go on simultaneously in different organ systems 
The damage an es egeneration of the tissues of various organ systems are 


directly ce in themselves for many aspects of the clinical response 
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In addition, factors secondary to organ damage intluence the systemic re- 
action. Infection is undoubtedly one of the most important of the secondary 
factors, but disturbed fluid and electrolyte balance and malnutrition play 
prominent roles in the overall response of the body. Thus, the clinical pic- 
ture seen in the acute radiation syndrome is that of a generalized systemic 
disease, with evidence of massive breakdown of tissue in selected organ 
systems throughout the body, and with signs of infection and other factors 
consequent to such tissue damage. The symptoms due to damage of differ 
ent organ systems occur at varying times in the course of the disease as a 
result of differences in the latent period between exposure and the occurrence 
of destruction of tissue in individual organs 

4. Variation in the Response of the Individual to Total-Body Irradiation 

Phere is a great difference in the sensitivity of various plant and animal 
cells to the actions of radiation. Lethal doses for the extremes in sensitivity 
throughout the plant and animal world differ by a factor of 10,000 (Spear, 
1946). Even in mammals, there is a great species-variation in radio- 
sensitivity. Thus, the 30 day median lethal dose for guinea pigs exposed to 
200 k.v. x-rays is 200 roentgens (Henshaw, 1944; Ellinger, 1945), whereas 
that of bats similarly irradiated is 15,000 to 16,000 roentgens (Smith, Svihla 
and Patt, 1949). There is also a variation, although less marked, in the 
amount of radiation required to kill members of the same species. This can 
be illustrated by an experiment in which groups of highly inbred mice (Car- 
worth CF, ) of the same age and sex were subjected to various doses of hard 
gamma rays at a rate of 30 roentgens per minute (Henshaw, Riley and 
Stapleton, 1947). No death occurred in those animals receiving less than 
500 roentgens. Eight per cent of the animals exposed to 500 roentgens 
were killed. In those mice receiving larger amounts of radiation, the per- 
centage killed varied with the size of the dose. One hundred per cent 
mortality did not occur unless a dose of 1,200 roentgens or more was ad- 
ministered. This means that some animals survived more than twice the 
minimal lethal dos« The median lethal dose (MLD) which, by definition, 
is that dose which kills 50 per cent of the individuals within a specified time 
(usually 30 days after exposure) is 840 roentgens for mice of this strain 
irradiated with hard gamma rays at this intensity. 

Variable and graded responses are also noted when limited portions of 
the body are irradiated. Thus the degree of the cutaneous erythema or of 


epilation produced by exposure to the same dose of x-rays varies from 


person to person. This variation in individual response, noted in localized 
tissue reactions as well as in the response of the body as a whole, is compara 
ble to, although not so extreme as that observed in the toxicity or pharma- 
cologic action of drugs and chemicals 
C. Summary 

The basic process of ionization is described. Ionization and atomic 
(or molecular) excitation are the processes by which radiations impart 
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energy to tissue matter. The units of radiation dosage in common usage 
among radiologists and radiobiologists are defined in nontechnical language. 
Body damage is discussed in terms of the mode of action of ionizing 


radiations on individual cells. Ionization affects the cell by direct perturba 


tions of gene molecules, or direct breakage of chromosomes, or the immediate 


disruption of enzyme chain reactions. Indirect effects are produced on cells 


as a result of molecular changes initiated by ionization both inside and out- 
side the cell 

The wide variety of reactions shown by the tissues of the human body is 
discussed in terms of the rate of proliferation of cells. Cells which normally 
show high mitotic activity are especially vulnerable to ionizing radiations 
Generally speaking, cells which have sustained a lethal dose of radiation die 
off slowly over a period of days or weeks, lymphoid tissue and intestinal 
epithelial cells being important exceptions in which death occurs after a 
very short latent period. 

The clinical manifestations of the acute radiation syndrome are the result 
of direct and indirect damage to all organs of the body. The syndrome is 
also conditioned by the mutual interactions of body organs, all of which 
have dead, dying and injured cells in varying proportions. The great differ- 
ence in susceptibility to radiation damage which is seen within groups of 
tissue cells, microérganisms and mammals probably occurs in man. This 
will give rise to large variations in severity of the radiation syndrome. 
Basically, however, the symptomatology of the acute radiation syndrome 
simulates that of other well studied diseases which involve prominent tissue 
destruction, such as chemical poisoning, bacterial infection, intestinal ob 


struction and thermal burns. 
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\. CLINICAL SIGNS AND SYMPTOMS 


fhe outstanding feature of the clinical picture presented by these nine 
patients is their close conformation to the pattern of radiation injuries 
previously described in man and animals. The complexity of the incident 
radiation, the short duration of the exposures and the magnitude of the 
doses to limited parts of the body appear to have produced no basically new 
clinical phenomena. The case histories will be considered in detail, how- 
ever, since these injuries are unique in certain respects Other accounts of 
the acute radiation syndrome in human subjects can be found in the reports 
of the atomic bomb medical casualties in Japan (Medical Report of Joint 
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Commission ), in an article dealing with a case of acute mesothorium poison 
ing (Hamperl and Roemheld, 1936), and with several instances of acute 
X-ray injury caused by teleroentgen therapy (den Hoed, Levie and Straub, 
1938). Recent physiologic studies in animals exposed to total body radia- 
tion have been summarized in a report by Prosser et al. (1947-a). 

lo simplify discussion of the clinical signs and symptoms, this section is 
divided into three parts—the reaction of the hands and upper extremities, 
the reaction of the skin and its appendages and the systemic response. The 
symptomatology of the present cases is compared with that in thermally 
burned patients in an effort to establish a point of reference with a well 
known and somewhat similar type of injury 


\. Hand Injuries 


The reaction of the hands of cases 1 and 3 was much more sudden and 
severe than that in other previously described radiation injuries. However, 
the nature and sequence of clinical events were similar, except in degree, to 
those in acute radiation burns of the usual type. [Edema and exudative 
epidermolysis followed by necrosis of dermal tissues occur in this order in 
severe localized radiation injuries. Pain, sometimes so extreme as to require 


large doses of morphine, is the outstanding symptom during the acute stage 


of a severe x-ray or gamma ray burn ( Brown, McDowell, and Fryer, 1949). 
Four features of the hand injuries of these cases were so remarkable as to 
deserve comment. They were: (1) the promptness of the appearance of 
edema of the hands; (2) the dry gangrene of the right hand of case 1; (3) 
the absence of erythema of the skin of the right hand in case 1, and (4) the 
marked inflammatory response of the upper arms. The treatment of the 
injuries (5) is also discussed. 

1. Edema of the Hands 

Swelling of both hands of case 1 was pronounced within 30 minutes after 
exposure, while that of case 3 appeared in a period of three hours. This 
tissue response was much more rapid than that usually produced by x-rays 
or gamma rays. [Even beta radiation, which provokes prompt evidence of 
skin damage, has not been reported to cause visible skin reactions in man 
in such a short period of time (Robbins et al., 1946; Knowlton et al., 1949). 
The explanation for the explosive nature of the response of the tissues of 
the hand probably lies in the magnitude of the dose of radiation to which 
these tissues were subjected. Similar development of massive edema of 
subcutaneous tissues has been observed at the end of a three hour period of 
exposure in rabbits given 50,000 roentgens of x-rays (Henshaw, 1944-b). 
No morphologic changes were noted in the blood vessels of these animals at 
the end of the exposure, but marked damage and destruction of cells were 
observed in all other tissues, including the radio-resistant muscle and brain. 

The edema which occurred in the hands of the two patients was un- 
doubtedly the result of at least two factors—one, the increased permeability 
of the injured capillaries, and two, the greatly increased osmotic pressure 
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of the extravascular fluids created by the rapid destruction of protoplasm 
(Borak, 1942) he increase in Osmotic pressure of these tissues must 
have been very great indeed to account for the ligneous character of the 
edema of the hand of case 3 and the tense distention of the blisters of case 1 
Such a marked increase in tissue Osmotic pressure and the consequent edema 


are compatible with the severe cellular destruction which must have occurred 


il 


in all soft tissues of the hands 

The analogous edema occurring in tissues adjacent to thermal burns 
serves to illustrate the magnitude of the fluid shift which can result from 
even superficial tissue injury Calculations indicate that for every 1 per cent 
of the total body surface burned, 150 c.c. of fluid (containing proteins and 
electrolytes) are lost from the vascular system into the interstitial spaces 
around the wound and through the wound surface (Cope and Moore, 1947 ) 
\lthough this value may be high for burns of the hand (because of the 
limited tissue distensibility), it shows that the flow of fluid into the inter 
stitial spaces of severely injured tissues can be massive and may seriously 
affect the fluid balance of the body. In contrast to the edema of thermal 
burns, which reaches its maximum 36 to 48 hours after injury (Cope and 
Moore, 1947), the edema and loss of fluid from the wound surfaces in case 1 
did not reach their peak until the second week following exposure. The con 
tinuation of fluid loss from the wound surfaces during this two week period 
indicates the persistence of blood flow im the damaged tissues 

yA Dry Gangrene of Case 1 

Necrosis often develops in the dermal tissues underlying acute radiation 
burns of the skin (McKee and Cipollaro, 1946). The sloughing of such 
necrotic tissue is responsible for the formation of the typical acute radiation 
ulcer \s the severely damaged tissues become necrotic, they assume a 
white ischemic appearance resembling that seen in the exposed dermis of the 
dorsum of the hands of case 1 This type of tissue death is believed to be 
the result largely of the obliteration of small blood vessels. In case 1, dry 
gangrene presumably was caused by obstruction to blood flow in the larger 
arteries of the fingers and the palm of the hand. Clinically and histologically, 
this response was similar to that seen in frostbite or immersion foot. Al 


though the gross appearance of the ischemic and gangrenous tissues differed, 


the pathologic processes in the vessels responsible for such changes were 
probably the same In the case of the ischemic necrosis, small superficial 
vessels were involved, while in the gangrenous area, larger and more deeply 
placed vessels were damaged. In the usual superficial x-ray reaction, large 
vessels are not exposed to such high radiation doses as occurred in this case 
hence dry gangrene of the type seen in case 1 does not occur 

3 Absei ¢ of / rythe pia 

The failure of the heavily irradiated right hand of case 1 to become 
erythematous can be explained on the basis of the marked edema of the 
tissues and the tight distention of the skin. It may be presumed that these 
factors obscured the underlying inflammatory reaction However, an early 
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disturbance in peripheral blood flow, as shown by the cyanosis of the nail 
beds of cases 1 and 3, must have occurred. This was probably due to the 
direct radiation damage of blood vessels (see C-3-a-2-c of this section), as it 
has been shown that elevation of the osmotic pressure in the extravascular 
spaces, per se, even though marked as in case 1, does not interfere with blood 
flow (O. Cope, personal communication ). 

4. Swelling of the Upper Arms 

An intense inflammatory reaction is usually found in the tissues adjacent 
to the necrotic portion of an acute radiation burn of the skin (Mac- 
Kee and Cipollaro, 1946). A reaction of this nature probably is the re- 
sult of two factors: one, the direct injury of these tissues by radiation, 
and two, an indirect response of the tissues to the presence of the nearby 
dead tissue. It seems likely that both of these factors contributed to the 
swelling of the upper arms of cases 1 and 3. The role which such an in- 
flammatory reaction plays in the systemic response of the individual has 
been pointed out (1V-B—3-). 


The discussion of the response of the hands should not be concluded 
without emphasizing the fact that prompt death of resting cells undoubtedly 
occurred in the tissues that were exposed to the heaviest doses of radiation 
(Section IV-B). The cell destruction in the tissue of the hands must have 
been comparable in rapidity and extent to that described in rabbits given 
50,000 roentgens of x-rays (Henshaw, 1944-b). This fact must be kept 
in mind when one compares the clinical reactions of the hands of these 
patients with those of other human subjects and animals that have been 
irradiated with smaller doses of ionizing radiation 


5. Treatment 

The treatment of the injured hands of case 1 was patterned after that 
used in the therapy of thermal burns, while the treatment of case 3 repre- 
sented an attempt to “amputate” by refrigeration the hopelessly damaged 
tissue. The use of debridement and frequently changed pressure dressings 
in case 1 afforded an opportunity to observe the clinical condition of the 
wounds. In retrospect, however, it is evident that this treatment did not 
control the pain or prevent the absorption of toxic breakdown products. 
The experience gained from the study of the hands of case 1, however, 
permitted a realistic evaluation of the extent of tissue injury in case 3 to be 
made at the time of the development of the first blister. Effective removal 
of the dying tissues with minimal trauma to the patient, i.e., by refrigeration, 
seemed to be the treatment of choice (Large and Heinbecker, 1944). 

It should be emphasized at this point that prolonged refrigeration of 
normal skin below 15 to 18° C. causes an inflammatory type of tissue reaction 


Lewis, 1942), while chilling tissues below — 6° C. even for a very short 
time causes tissue necrosis (Lake, 1917). Therefore, drastic measures such 
as were used in case 3 can be employed early in the course of a radiation 





394 I H. HEMPELMANN, H. LISCO, AND J]. G. HOFFMAN 


injury only if the hopeless degree of damage can be recognized. In the 
absence of good data about radiation dosage, it is possible to make an esti- 
mate of the extent of tissue injury on the basis of the clinical reaction, pro- 
vided the nature of the incident radiation is known. For example, the 
prompt swelling and erythema of the skin caused by exposure to beta radia- 
tion are less serious prognostic signs than is a comparable early reaction due 
to gamma rays. Prolonged refrigeration below 18° C. of a beta ray injury 
which shows early swelling and blistering would therefore be contraindicated. 

The use of less extreme refrigeration in the treatment of a local radiation 
injury has been suggested because of certain experiments reported in the 
literature prior to the occurrence of these accidents. Drastic temperature 
reduction (to about 5° C.) of newborn rats befere exposure increases their 
ability to survive large doses of x-rays (Lacassagne, 1942). Lowering the 
skin temperature in human subjects prior to exposure, however, does not 
definitely diminish the effectiveness of roentgen-rays in producing erythema 
(vans and Kerr, 1943), even though refrigeration of newborn rats raises 
the skin erythema dose by a factor of from 2.2 to 5.0 (Evans et al., 1941). 
Although refrigeration in all of these experiments had been employed before 
exposure, it was suspected that lowering the temperature (and the metabo- 
lism) of an irradiated tissue after exposure might also prove beneficial. 
Experimental evidence which has accumulated since the accidents, however, 
indicates that the temporary chilling of adult mice and rats and prolonged 
chilling of frogs have no effect on the mortality rate of the animals (Storer 
and Hempelmann, unpublished data; Patt and Swift, 1948-a). Refrigera- 
tion of thermal burns in man is reported to decrease edema formation and 
diminish infection, but it also delays healing. It is not recommended for 
general use in the treatment of burns except as a temporary measure to con 


trol pain, because the dangers of prolonged refrigeration are not thoroughly 


understood (Langohr et al., 1949). 

It would seem, then, that there is little evidence to support the belief that 
lowering the temperature after exposure has a specific beneficial effect on 
tissue injured by radiation. Nevertheless, as has been pointed out, refrigera- 
tion of irradiated or thermally burned tissues (of limited volume) is of great 
assistance in controlling pain. It also diminishes bacterial growth and has 
the advantage of decreasing the rate at which the products of cell disintegra 
tion enter into the general circulation (Large and Heinbecker, 1944). Not 
too extreme chilling (above 18° C.) of the injured tissues, therefore, might 
help the patient survive the period of acute systemic reaction. If large 
volumes of tissue are chilled, it must be remembered that there is danger of 
seriously reducing the body temperature of the individual (Langohr et al., 
1949) 

6. Summary 

In summarizing the discussion of the clinical response of the severely 
injured hands of cases 1 and 3, it can be said that the reactions were com- 
patible with the prompt and extensive destruction in all soft tissue which 
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unquestionably was caused by the large radiation doses. The speed with 
which cellular death occurred differentiates these reactions from the more 
slowly progressing injuries caused by smaller doses of radiation. Tissue 
death due to impairment of blood flow appears to have been delayed for 
more than a week. Refrigeration of the injured tissues was helpful in con 
trolling pain and may have diminished the constitutional reaction in case 3 


7 


he Skin and Its Appendages 


> Panction 
B Keaction of t 


The response of the skin of the face and abdomen in case 1 and of the 
skin of the abdomen in case 3 conforms much more closely in time and 
character to the response observed when limited areas of the body are 
treated the rapeutically with x rays The appearance of erythema of the 
abdomen of cases 1 and 3 on the third day is not unusual for a third degree 
x-ray reaction. The gradual development of epidermolysis of the abdomen 
in case 1 over a period of three weeks suggests that death of the epidermal 
cells of the abdomen was delayed, in contrast to the immediate cellular death 


which occurred in the tissues of the hand (see Section IV B). 
1. Skin Reaction of Case 1 
\lthough less striking in appearance than the hand injuries, the cutaneous 


reaction of the torso of case 1 presents some interesting features. First of 
all, the severity of the reaction of the skin in the groin is in keeping with 
the clinical observation that the skin of different parts of the body shows 
varying degrees of radiosensitivity. It has been shown that the skin of the 
groin and axilla is the most sensitive to radiation, while the skin of the palm 
of the hand and sole of the foot is the least sensitive (Hermann and Pack, 
1944). Secondly, the epilation of the hair of the temples and the beard, 
leaving the eyebrows relatively undamaged, reflects similar variation in the 
sensitivity of the hair follicles to the action of radiation. This has long 
been known to clinical radiologists. Thirdly, the perifollicular pigmentation 
1oted around the edges of the burned area in case 1 is a type of skin reaction 
which is observed occasionally in a somewhat different form in patients 
receiving radiation therapy (MacKee and Cipollaro, 1946) 

2. Skin Reaction of Case 3 

The reaction of the skin of the abdomen of case 3 was unusual only 
insofar as the degree of the edema and the inflammatory reaction of the 
underlying tissues was concerned. This is consistent, however, with the 
large dose of radiation delivered to this part of the body. The gradual 
change in color of the torso from the intensely pigmented (sunburned) and 
unpigmented shades above and below the waist to the uniform deep red 
color which was present just before death was spectacular, but under 
standable 
3. Skin Reaction of the Survivors 

The survivors showed some unusual skin reactions, one of which is the 
hypesthesia of the left arm of case 4. Changes in sensation are frequently 
observed in skin which has recovered from a third degree x-ray reaction. If 
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paresthesias occur as a result of x-ray therapy in irradiated skin which shows 


no gross evidence of damage, it is so mild in degree that it is not of clinical 
importance. It is conceivable that the hypesthesia in case 4 may have been 
related to the character of the incident radiation or the method of exposure 
fhus, an unusual cellular response in this patient, similar to that seen his- 
tologically in the skin of cases | and 3, may have been associated with mild 
disturbances in sensation 

The localized epilation shown by this patient was not unexpected when 
one considers the type and depth dose of the incident radiation (see Section 
X). The transverse ridging of the nails of case 4 is a usual consequence of 
any injury to or nutritional disturbance of the nail bed. Its occurrence only 
in the more heavily irradiated left hand is consistent with the knowledg« 
that ionizing radiation can disturb nail growth (Knowlton et al., 1949) 

4. Summary 

The discussion of the reactions of the skin and cutaneous appendages ot 
the more heavily exposed patients may be summarized by stating that they 
conformed, for the most part, to the well-established pattern of acute x-ray 
reactions. One of the most noteworthy responses, observed only in the 
survivors, consists of the hypesthesia of the arm of case 4 in the absence ot 


external evidence of cutaneous injury 


Systemic Response 

The clinical response of these patients was similar to that which has been 
described in the Japanese injured by radiations from the atomic bomb explo 
sions (Medical Report of Joint Commission). The symptomatology of these 
Japanese cases has been divided into the following four chronologic phases : 
Phase I, the initial reaction, consisting chiefly of prostration and gastro 
intestinal symptoms; Phase II, a period of relative well-being; Phase III, a 
gradually developing febrile period, lasting several weeks and complicated by 
diarrhea, ulcerations of the oropharynx, infection, hemorrhagic manifesta 
tions and epilation; and Phase IV, either death or prolonged convalescence 
with eventual recovery. The first phase usually lasted one day, but some 
times persisted for two or more days after exposure. The duration of the 
second phase was variable and in general was inversely proportional to the 
size of the dose. In the more severely injured patients, the toxic or febrile 
phase often began within 10 days of exposure, with severe diarrhea as its 
most obvious manifestation. In the less seriously injured group, epilation 
on about the twentieth day initiated the febrile phase. This was soon fol 
lowed by the appearance of purpura and oropharyngeal lesions. Diarrhea 
was not so prevalent in this group of patients as the other symptoms. Statis- 
tical analysis of the Japanese data shows that epilation and purpura were 
commonly found together, and that oropharyngeal ulceration was the third 
most common type of lesion. Although there was evidence of marked in 
dividual variation, the severity of the response in the Japanese patients in 
general depended upon the size of the dose they received. As a rule, those 
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cases which had been fatally injured died before the end of the sixth or 
eighth week after exposure. 

The discussion of the systemic response of the present patients will deal 
first with the initial reaction of the patients, then with the toxemia and last 
with the reactions of individual organ systems. 

1. Jnitial Reaction of the Patients 

The initial prostration and gastrointestinal symptoms are discussed to- 
gether because they constitute the syndrome known as “radiation sickness,” 
which is so common in patients receiving intensive x-ray therapy. The 
severity of the syndrome shows marked variation from one individual to 
another and cannot be correlated with the integral or volume dose (Ellis, 
1945). This is demonstrated in the present series of cases by the fact that 
the initial reaction of case 1 was much more severe than that of case 3, 
even though his radiation dose was smaller. The reaction bears some re- 
semblance to primary shock. There was, for example, a temporary fall in 
blood pressure in the more severely injured patients of this series. Transient 
hypotension is also observed in animals, particularly in rabbits, given larger 
doses of total body radiation (Prosser et al., 1947-a). Hemoconcentration 
has not been reported in animals. That which occurred in cases 1 and 3 
was probably due to the dehydration which resulted from repeated yomiting. 
The cause of the initial reaction has not been established, as can be seen by 
referring to the 16 distinct theories of the etiology of radiation sickness listed 
in a recent article (Shorvon, 1949). 

The improvement in the clinical condition of the patients who showed 
an initial systemic reaction was striking in its contrast to their illness of the 
first day. Although all patients were kept at bed-rest and did not exert 
themselves during the first few days after exposure, it was apparent that the 
more seriously injured patients were not well during this period. Weak- 
ness and exertional dyspnea were most notable in case 1. A similar failure 
to recover completely from the initial illness was also noted in the Japanese 


(S. Warren, personal communication). Many seriously injured Japanese 


are reported to have walked many miles and to have performed work of other 
kinds, but it is believed that they exerted themselves only because of necessity 
The period of relative well-being in the injured Japanese lasted from a few 
days up to three or four weeks. It was observed that the longer this latent 
period, the better was the prognosis of the patient. In cases 1, 3 and 4, 
however, the period of well-being lasted less than one week, despite marked 
differences in the severity of their illness 

2. Toxemia 

Toxemia, as judged by fever and tachycardia, occurred only in cases 
1,3and 4. Comparison of the temperature and pulse charts of these patients 
suggests that the toxic phase of the illness began about five or six days after 
exposure. Cases 1 and 3 had a mild elevation of temperature dating back 
to the time of admission to the hospital, whereas case 4 did not have a 
significant early fever. On the sixth day after exposure, case 1 showed a 
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gradual rise in temperature and an abrupt increase in pulse rate. Cases 3 
and 4 showed a distinct rise in temperature and pulse rate on the fifth and 
sixth days, respectively. These observations would suggest that the absence 
of fever during the second week after exposure to ionizing radiation may be 
a favorable prognostic sign. However, it is not entirely clear that this is so, 
as there is a good possibility that this febrile episode in case 4 does not 


represent the true third or toxic phase of his illness (discussed in part C-9 


of this section ) 

Despite the more rapid progress of the illness of case 3, his fever was 
never so high as that of case 1. This may have been due to the fact that the 
chilling of the upper extremities, a substantial proportion of the total body 
mass, prevented the temperature from reaching its full height. That re 
frigeration of the extremities can influence body temperature is shown by an 
experiment with thermally burned dogs. In those dogs with four burned 
legs, all of which were chilled, the fall in body temperature was sometimes so 
extreme as to jeopardize the life of the animals (Langohr et al., 1949) 

Data about fever in the Japanese patients are meager, particularly for 
the period immediately after exposure ( Medical Report of Joint Commission, 
Section 2) Nevertheless, there is a record of elevation of temperature in a 
few patients during the first few days. Fever was prominent in the patients 
who died during the first week or so after exposure \ stepwise increase in 
temperature until death was reported in many of the fatally injured patients, 
but all types of fever curves were seen. In the less severely injured patients, 
fever occurred during the toxic phase of the illness several weeks after 
exposure. It is not clear from the Medical Report of the Joint Commission 
whether these patients had fever during the second phase of their illness 

Phe etiology of the fever and toxemia in patients and animals with the 
acute radiation syndrome deserves comment. [arly in the disease, exo 
genous causes such as infection are not clearly present.* It seems likely, 
therefore, that the early fever in patients with radiation injury, as well as 
that noted in persons with severe thermal burns, represents a response on the 
part of the body to the products of tissue breakdown. That tissue degrada 
tion occurred promptly in the present patients is suggested by the early ap 
pearance of aminoaciduria. Later in the acute radiation syndrome, how 
over, infection, usually with intestinal bacteria, plays an increasingly promi 
nent rol Chus, the blood cultures of dogs given fatal doses of x-rays over 
the abdomen were not positive until the fourth day after exposure (Warren 
and Whipple, 1923 \fter the fourth day, bacteremia was usual in a series 
of irradiated mice (lawrence and Tennant, 1937) \ correlation between 
positive blood cultures and mortality was observed in irradiated dogs that 
lived more than two weeks after irradiation (Bennett et al., 1949; C. P. 
_ *In animals, as | wen pointed out, rapid multiplication of anaerobic bacteria in injured 
tissue results in tl l ion of toxins which pi: n important role in the development 
of experimentally pro d traumatic shock (Aub. 1944) Infections of this type could 


have occurred in the denuded tissues of cases 1 3, and the resultant exotoxins would 


have contributed 
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Miller and C. Hammond, quoted by A. Brues, personal communication ). 
In the fatally injured Japanese, evidence of bacteremia was often found at 
autopsy ( Medical Report of Joint Commission, Section 2 Bacterial lesions 
(pneumonia, anginal ulcers in the oropharynx, and skin pustules) were fre 
quent in the group of patients who died between the third and the sixth 
week after exposure (Liebow, Warren and DeCoursey, 1949). In the 


1] 


fatally injured patients of the present series, infectious processes in the oro 


pharynx and possibly the pericardium of case 1, and in the pneumonic patches 
of case 3, undoubtedly were responsible for much of the late fever and 
toxemia 

3. Gastrointestinal System 

a. General features 

(1) ases of response: The two distinct phases ot gastrointestinal 
symptoms seen in cases 3 and 4+ were also observed in the injured Japanese 
he first phase occurred as a part of the initial reaction immediately after 
exposure, whereas the second, a more generalized reaction of the alimentary 
tract, became evident after an asymptomatic period of several days. In the 
Japanese, the second phase was often associated with diarrhea, bleeding from 
the bowel and necrotizing anginal ulcers in the oral cavity. Cultures of the 
liarrheal stools showed in only a few instances pathogenic bacteria of the 
dysentery type, and gross blood was present in one-sixth of the cases of one 
series of the Japanese patients 

The gastrointestinal reaction of case 1, unlike that in the Japanese, may 
be divided into three phases, even though the second and third phases were 
not entirely distinct. The first phase was not unusual except for its severity 


lhe next phase, during the second week of illness, was remarkable because of 


the radiostomatitis which was associated with a moderate degree of paralyti 


ileus and an essentially nonbloody diarrhea. Radiostomatitis, although com 
mon in people receiving therapeutic x-ray treatment for cancers in the 
mouth, was not observed in the injured Japanese, except possibly in a few 
patients who died 10 to 14 days after exposure (Medical Report of Joint 
Commission, Section 2). It should be mentioned at this time that the dry 
ness of the mouth expr rienced by case 4 two weeks after exposure un 
doubtedly represented a very mild form of radiostomatitis. The second 
phase of the reaction in case 1 showed definite improvement before it 
merged with the third phase, in which necrotizing ulcerations of an entirely 
different character developed in the buccal cavity \lthough the abdominal 
distention was limited to the second phase, the diarrhea persisted through 
out the latte part of the illness 
>) Reasons for phasic response: Although the mechanism responsible 
the periodicity in the gastrointestinal reactions is not clearly understood, 
it is interesting to consider whether the three following postulates, alone or 
in combination, might explain the clinical manifestations 
(a) Direct damage to different portions of the alimentary tract. The 
variability in the latent period between exposure and the response of differ- 
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ent tissues has been stressed (Section I\). It is not unreasonable to as- 
sume, therefore, that the different types of intestinal epithelium should re- 
spond at varying intervals after exposure. Indeed, the autopsy protocols 
of cases 1 and 3 indicate that the most intense response of the latter case, 10 
days after exposure, occurred in the jejunum and ileum, whereas the only 
evidence of damage in the former instance (24 days postexposure) was found 
in the colon. Obviously a conclusion cannot be drawn from two cases, but 
the possibility of damage to different parts of the intestines occurring at vary 
ing time intervals after exposure cannot be excluded as a factor which might 
be responsible for the repetitive nature of the intestinal reaction 

(b) Indirect damage to the gastrointestinal system. Gastrointestinal 
reaction as an indirect manifestation of bodily damage is well known. Thus, 
it is possible that reflex mechanisms similar to those which cause nausea and 
vomiting in appendicitis, pneumonia and other severe infections may have 
contributed to the initial phase of the intestinal reaction. Admittedly, such 
a hypothesis is unnecessary to explain the initial reaction of cases 1 and 3 in 
view of the severe epithelial damage of the small intestine, which must have 
developed during the first day as a direct result of the exposure. However, 
in the case of patients not in the present series who experience radiation sick 
ness after localized irradiation of parts of the body other than the abdomen 
reflex mechanisms may well play a role in the causation of early nausea and 
vomiting. Another example of the role of indirect factors in producing 
damage to the gastrointestinal tract is the development of the oropharyngeal 
lesions already mentioned. Such injury is believed to be the result of a 
number of factors which lead to lowered tissue resistance to infection. Direct 
local tissue injury here too is an important factor, but agranulocytosis and 
diminished antibody production also undoubtedly play a part in the pro 
gression of these lesions \ third example of possible indirect factors which 
might contribute to the gastrointestinal reaction is the nonspecific intestinal 
manifestations which occur in many kinds of injury. For example, acute 
duodenal (Curling’s) ulcers have been described in patients with thermal 
burns (Harkins, 1942). Similarly, in a series of burned patients, one-third 
showed guaiac-positive stools (up to 3 plus) on the fifth day after injury 
(Aub et al., 1943). Such reactions, which are probably related to the blood 
flow in the intestines after injury, may have participated in the development 
of the intestinal lesions in the patients under discussion 

(c) True periodicity of response in radiation-injured tissues. Since 
the possibility of periodicity in the gastrointestinal response has been men- 


tioned, it is pertinent to refer to the true cyclic phenomena observed in certain 


tissues injured by ionizing radiations. Periodicity has been described in 
the reaction of the skin and buccal mucosa of human subjects, and in the liver 
and marrow response of animals. Thus, three distinct waves of erythema 
cur in the skin at different time intervals after exposure. The suggestion 
that cutaneous erythema depends on the rhythmical reaction of the blood 
vessels was first made 26 years ago (Miescher, 1925). It is now postulated 
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that the periodicity of cutaneous erythema is due to the action of radiation 


on different parts of the peripheral vascular system (Borak, 1942). The 
first erythema is said to be due to a capillary response; the second, to an 
arterial reaction; and the third, to a venous effect It has also been claimed 
that tumor tissue as well as the mucosa of the oral cavity shows a cyclic 


to the action of radiation, although there is not good agreement 


among investigators as to the interval between periods of retrogression 


(Coutard, 1935: Friedman and Rosh, 1939). Two waves of degeneration 
1 


have been described in heavily irradiated liver tissue (Pohle and Bunting 


response 


1932 Recently, recurring periods of cell destruction and regeneration have 
been observed in the bone marrow (Bloom, 1947). The cause of the cyclic 
tissue reactions has not been established, but it is conceivable that these 
waves may be related, in part, to the variations in blood flow resulting from 
the action of radiation on the blood vessels 

b. Unusual features 

There are several features of the gastrointestinal response of these 
patients which deserve further discussion. The gastric retention of case 3, 
the radiostomatitis of case 1 and the changes in the gastrointestinal secre 
tions will be considered individually 


+ 


(1) istric retention: I-xtreme gastric retention, presumably due to 


paralytic ileus during the acute stage of radiation injury, as seen in case 3, 
has not been reported previously, although intestinal obstruction as a late 
complication of irradiation of the gut is known (Martin and Rogers, 1924) 
It is reasonable to assume that this unusual response is the result of the 
intense irradiation of the abdomen of this patient 


(2) Radiostomatitis: Stomatitis associated with dryness of the mouth 


and loss of taste, such as was observed in case 1, is common in patients who 
have received intensive x-ray therapy for lesions in the oral cavity. How 
ever, the mucosal reaction produced by x-rays of the energy usually employed 
in this kind of treatment (220-kv peak voltage) is almost always accom 
panied by a comparable epidermal reaction. High voltage x-rays or gamma 
rays from radium, in contrast, produce a more severe mucosal reaction than 
cutaneous response (Friedman and Rosh, 1939). This is explained by the 
fact that strong tissue ionization occurs further below the surface of the 
skin in the case of the radiation of higher energy. In the present situation, 
where neutrons of limited range caused the major portion of the tissue 
damage, the mucosal reaction cannot be attributed to a high depth dose. It 
lso impossible to explain the reaction by assuming increased scattering 
neutrons by the teeth 
ill be shown later (Section VII), irradiation of the adjacent tissues 
y the neutron-induced radioactivity in the teeth and other bony structures 
cannot be ignored but probably did not contribute significantly to the total 
mucosal dose. On the other hand, the intense radiation from the highly 
radioactive gold inlay in case 3 caused a localized tissue reaction 
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The brevity of the exposure to intense neutron radiation may explain 
the mucosal reaction, since it has been found that the relative intensities of 
the cutaneous and mucosal response to neutrons depend upon the time inter 
val during which the tissues are irradiated (Stone and Larkin, 1942) 
Thus, when oral lesions were treated with high energy cyclotron neutrons 
(21-Mev maximal energy), the reaction in the buccal mucosa was more 
severe than that in the overlying skin, provided the fractionated doses were 
given within a period of 12 to 14 days If treatment was protracted, how- 
ever, the cutaneous effect was more extreme than the mucosal reaction. 

(3) Gastrointestinal secretions: The presence of combined acid in the 
gastric secretions of case 3, on the sixth day after exposure, and the lack of 
mucus in the stools of all patients are noteworthy Irradiation of the ab- 
domen of patients and animals with large doses of x-rays is known to cause 
a diminution of the free and combined acid in the gastric secretions 
(Desjardins, 1931). The fall in gastric acids occurs before the pepsin 
content is decreased. In a small group of Japanese patients, the incidence 
of anacidity and hypoacidity was not unusual. The fact that the combined 


acid content of the vomitus of case 3 was normal is surprising only in view 


of the exceedingly large radiation dose delivered to the abdomen. The 
absence of increased amounts of mucus in the stools of these patients, on 
the other hand, is distinctly unlike the findings in irradiated animals, where 
fecal mucus is prominent (Prosser et al., 1947-a) 

4. Cardiovascular System 

The circulatory collapse noted in case 3 was in all probability related to the 
severe adrenal damage This will be described in greater detail in Section 
IX, where the similarity between the pathologic findings in the adrenals of 
this case and in those of patients with acute infections will be stressed. The 
circulatory collapse also calls to mind experimental work which emphasized 
the resemblance between the systemic reaction to radiation injury and the 
circulatory collapse observed after intestinal obstruction and thermal burns 
(Moon, Kornblum and Morgan, 1941) The prostration, vomiting, diar- 
rhea, early leukocytosis followed by agranulocytosis, hemoconcentration and 
absence of early fever are similar in dogs injured either by radiation or by 
ligation of the bowel Hemoconcentration, however (a prominent early 
finding in « ), does not appear in irradiated animals for several days 
The severity of the svstemic reaction in experimental animals is said to 
parallel the amount of damage to the intestinal epithelium (Moon, Korn 
blum and Morgan, 1941) 

Che arrhythmias and pericarditis of case 1 call attention to the possible 
action of ionizing radiation on the heart. The heart is believed to be very 
resistant radiation (Desjardins, 1931) However, functional disturb- 
ances in cardiac action were observed in some of the Japanese patients 
(Medical Report of Joint Commission, Section 2). Thus, hemic murmurs 
and accentuation of the second pulmonary sound were reported, as well as 
disturbances in the electrocardiographic pattern (low T waves, depressed 
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f segments and left axis deviation). [Electrocardiographic changes in the 


» 
T 


waves were also seen terminally in irradiated dogs which developed myo 
cardial hemorrhages (Prosser, Painter and Swiit, 1947-b) [’xtrasystoles, 
but an otherwise normal electrocardiogram, were recorded in the case of 
acute mesothorium poisoning (Hamperl and Roemheld, 1936). Such 
symptoms are, for the most part, nonspecific and of the same nature as the 
abnormality of the heart sounds noted in case 3. The fever and toxemia 
may well have been responsible for these functional changes 

On the other hand, paroxysmal auricular tachycardia and pericarditis 
such as were observed in case 1 have not been described in man or animals 
with fatal radiation injuries \rrhythmias of this nature, however, ar¢ 
common in persons with Wolff-Parkinson-White syndrome, a defect in the 
myocardial conductive system, which case 1 was known to have (White, 
1944). It seems probable that the added strain of the severe illness or the 
beginning of the pericardial inflammatory reaction at this time must have 
precipitated the disturbance in rhythm. Therefore, this episode probably 
does not represent a specific effect of the radiation 

The discussion of the nature and etiology of the pericarditis of case 1 
will be deferred until Section IX. 

5. Jaundice 

No case of clinical jaundice was noted in the Japanese, even though on 
instance of elevated icteric index was reported (Medical Report of Joint 
Commission, Section 2). Although there is laboratory evidence of liver 
damage in animals seriously injured by radiation, no instances of frank 
hepatic failure or of gross icterus of the blood serum and tissues have been 
reported. In contrast to these observations in irradiated human subjects 
and animals, jaundice is sometimes noted in patients with severe thermal 
burns ( Harkins, 1942) 

Che absence of jaundice and other signs of severe liver damage indicates 
that the functions of the liver cells are not seriously disturbed following 
exposure to lethal doses of total body radiation. Perhaps the prolonged 
period of tissue death throughout the body with the consequent gradual, 
rather than sudden, release of degraded products of protoplasm into the cir 
culation, allows the liver cells to keep up with the required detoxification 
Also, the absence of early hemolysis in the radiation-injured individual 
means that the body is not flooded with bile pigments soon after injury, as 
occurs in thermally burned patients 

Che rapid development of jaundice in case 3 during the terminal hours 
of life is a significant observation. It was probably the result of hemolysis 
and hepatic failure occurring just before death. The evidence for increased 
hemolysis is presented in Section VI. That liver damage existed in case 3 
is shown by the porphyrin excretion studies, by the decreased prothrombin 
level during the last two days of life, and by the histologic observations (see 
Section IX). The large dose of radiation delivered to the abdomen must 
have contributed to this severe degree of liver damage, although liver injury 
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secondary to tissue damage elsewhere in the body undoubtedly was an im 
portant factor. It should also be mentioned that case 1, who received a 
similar high abdominal exposure, also showed bile in the urine sample 
passed during the last day of life. 

6. Genitourinary Tract 

Study of the renal function in these cases was limited to urine output, 
urinalysis and nitrogen retention determinations. They indicate that a 
serious interference with renal function occurred only in case 3. These 
findings are similar to those noted in the Japanese, in whom few disturbances 
in renal function were observed ( Medical Report of Joint Commission). 

Detailed study of the renal physiology in irradiated dogs by direct 
(phenol red, creatinine and urea clearances) and indirect methods (blood 
non-protein nitrogen and water excretion) is indicative of an enhanced 
renal function during the febrile or toxic phase of the illness (Prosser, 
Painter and Swift, 1947). It has been suggested that this alteration may 
be due to increased blood flow, general increase in catabolic processes or to 
the increase in the plasma: cell ratio. In the terminal stages of the illness 
of fatally injured animals, renal failure often occurred. 

The testicular damage, including the loss of organ weight and aspermia 
of cases 1, 3, and 4, will be discussed in Section 1X 

7. Weight Loss 

The loss of weight noted in the more severely injured patients is also 
observed in animals exposed to large doses of total body radiation. In dogs, 
for example, the body weight decreases when the dose exceeds one-third the 
median lethal dose ( Prosser, Painter and Swift, 1947). The loss of weight 
is not rapid during the first week following exposure but is accelerated dur- 


ing the second and third weeks. Fatally injured animals which survive for 


several weeks may lose as much as 25 per cent of their preéxposure weight. 
The loss of weight cannot be explained on the basis of dehydration resulting 
from diarrhea and vomiting. As a matter of fact, studies of the fluid balance 
in rats are controversial. They have been said to show water retention 
rather than loss (France, 1946), but recently a post-irradiation diuresis 
has been described (Edelmann, 1949). In the past, the loss of weight 
resulting in “radiation cachexia’? was attributed to intestinal injury, as 
it had been observed in dogs after irradiation of isolated loops of gut 
(Martin and Rogers, 1942). Recent experiments indicate that decreased 
food intake and enhanced catabolism are probably the most important factors 
in the decrease in weight (Prosser, Painter and Swift, 1947). Further- 
more, the elevated basal metabolism in irradiated rats (Kirchner, Prosser 
and Quastler, 1949) is a factor which also presumably contributes to loss of 
weight 

In the present series of cases, the aminoaciduria in the more severely 
injured patients and the high potassium excretion in case 4 may be ex- 
plained, in part, by assuming that tissue breakdown was enhanced. Patients 
with severe thermal burns also lose weight and go into a negative nitrogen 
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balance of a mild degree (Aub et al., 1943). It is hard to attribute the in- 
creased nitrogen output in burned patients to excretion of degraded tissue 
protein, since the potassium balance is usually unchanged. The marked 
elevation in the basal metabolism of thermally burned patients may also play 
a part in producing loss of weight (OQ. Cope, personal communication ). 

8. Hemorrhagic Lesions 

Spontaneous hemorrhagic manifestations are such a characteristic find 
ing in human subjects and animals fatally injured by radiation that their 
absence in these cases, except terminally in case 3, deserves comment. In 
the animals irradiated during the Bikini tests, extravasation of blood which 
occurred in almost every tissue of the body was the earliest and most con- 
sistent gross lesion (Tullis and Warren, 1947 Gingival bleeding followed 
by hemorrhages into the skin and bowel was observed in many of the in- 


jured Japanese who survived for three weeks or more after exposure ( Medi- 


cal Report of Joint Commission, Section 2). Similar extensive bleeding 


unquestionably would have occurred in case 3 had lite been prolonged. 
Studies of the clotting time in the survivors of the second accident indicate 
that subclinical disturbances in the clotting mechanisms of the blood were 
present. It is not known whether these patients showed increased bleeding 
tendency or enhanced capillary fragility. The disturbances in blood clotting 
will be discussed further in Section VI. 

It is interesting to note that some patients in whom epilation occurred 
(including cases 1 and 4) did not develop hemorrhagic manifestations, since, 
as has been pointed out, these two symptoms were frequently associated in 
the Japanese. The fall in platelets in case 4 at the time of epilation suggests 
that a subclinical disturbance in the clotting mechanism existed during the 
third week after exposure. The fact that gross bleeding did not occur prob- 
ably can be explained on the basis of the limited tissue penetration by the 
neutrons. This allowed some of the deeply placed blood-forming tissues to 
be spared from severe damage. (See VI-b-2-c for a discussion of the 
hematologic response in animals with shielded spleens, p. 419.) 

9. Delayed Weakness and Fatigability 

The delayed weakness in case 4 after the period of well being was a 
notable symptom. Whether the development of the weakness was delayed 
for two weeks or whether it merely became manifest when the patient over 
taxed his strength on leaving the hospital is not clear. It is difficult to be- 
lieve that this patient would have misjudged his strength and endurance so 
completely had not the weakness become more pronounced at this time. 
It seems entirely possible, in retrospect, that this period of delayed weak- 
ness and fatigability corresponds to the third, or febrile, phase of the acute 
radiation syndrome, and that fever, if it occurred, was overlooked. In the 
Japanese, this stage of the illness was frequently heralded by epilation. 
Thus, the loss of hair and relative thrombocytopenia in case 4, occurring at 
the same time as the weakness and prostration, suggest that this episode 
actually was the third stage. If this is true, the early febrile reaction of 
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case 4 (during which prolongation of the blood clotting time was noted) 
was a complication which either did not occur generally, or was not serious 
enough to have been mentioned in the Japanese case reports 

Prolonged weakness was also noted in the Japanese survivors, some of 
whom had not recovered their sense of well being by the end of the third 
month after exposure (Medical Report of the Joint Commission, Section 2) 
rhis weakness does not seem to be analogous to the diminution in physical 
endurance observed in mice which had survived a median lethal dose of 
neutrons (Stapleton and Curtis, 1946). These mice, although normal in 
other respects, showed a progressive loss of vitality throughout their lives, 
whereas the patients in the present series and in Japan returned to a state of 
apparently normal health. While on the subject of the delayed weakness, 
it should be emphasized that case 6 showed neither loss of strength and 
weight nor epilation 

The correlation of the weakness with the disturbance in excretion of the 
corticoid-like material, and the salt hunger of case 4 suggest that the symp- 
tomatology may have been associated with adrenal dysfunction. More will 


be said about the significance of the urinary corticoid-like material and the 


eosinophil counts of this patient (in Sections VI and VII), and about the 
experimental evidence for adrenal dysfunction in acute radiation injury 
(Section IX) 

10. Absence of Symptoms in Cases 2 and 6 Through 10 

It is important to emphasize the absence of symptoms in cases 2, 6, 7, 
8,9 and 10. Previous observations have indicated that some patients can 
tolerate as much as 100 roentgens of total body radiation given therapeu- 
tically without experiencing symptoms (Cantril et al., 1947). If one con- 
siders the radiation doses of the present cases solely in terms of energy 
absorption (ignoring the important factor of depth dose), it can be com- 
puted that case 6 received the equivalent of 92.4 roentgens of gamma rays, 
and that the other asymptomatic survivors received correspondingly smaller 
doses. These observations, then, are in line with the previous reports of 
the magnitude of the radiation doses which can be tolerated without pro 
ducing symptoms 

ll. Treatment 

Treatment of the systemic reaction of these patients was entirely sup 
portive, and was directed at assisting the body to survive the acute febrile 
period. As in thermal burns, there is no specific therapy for fatally injured 
tissuc Unlike the situation in thermal burns, there is no surgical or other 
means of helping to repair injured tissues, except where the radiation injury 
is superficial and localized (Brown, McDowell and Fryer, 1949). Regen 
eration of an injured tissue is, therefore, completely dependent upon the 
number of cells which survive, their capacity for regeneration and the ade 
quacy of the blood supply \t the time of these accidents, the only thera 
peutic measure believed to have a specific action directed at controlling one 
of the manifestations of radiation damage was the use of toluidine blue to 
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counteract the increased amount of anticoagulant in the blood. (See Sec- 
tion VI.) This was not used in the absence of clinical bleeding 

a. Consideration of specific drug and hormone therapy 

\ brief consideration of the drugs and other methods used to treat 
radiation sickness in patients receiving x-ray and radium therapy, as well as 
those tested in animals for their action in prolonging life and in the sparing 
of certain tissues, illustrates how limited are the specific methods of treat- 
ment. Almost every conceivable drug, including sedatives, sodium chloride, 
hydrochloric acid by mouth, antihistamine compounds, Dramamine, liver 
extract and vitamins, particularly those of the B complex, have been tested 
on patients receiving x-ray therapy. Each type of drug has advocates who 
believe in its effectiveness in preventing radiation sickness, but the true value 
of most of the methods, except possibly for the salt and antihistamine 
derivatives, is not clearly established (Painter and Brues, 1949). 

Similarly, saline, vitamins, pentnucleotides, bone marrow and adrenal 
cortical extracts, nucleic acids, atropine, rutin and associated flavones and 
body refrigeration have been used in attempts to increase survival or pro- 
long life in irradiated animals (Simmons et al., 1946; reviewed by Selle, 
1949). Of these, only the administration of physiological saline and anti- 
biotics seems to be unquestionably beneficial to the animals when given after 
exposure (Painter and Brues, 1949). Aureomycin and terramycin, which 
combat infections due to certain gram-negative intestinal bacteria, appear 
to be particularly effective in controlling the diarrhea and in prolonging the 
life of irradiated dogs (Bennett et al., 1949-b; Howland, personal com- 
munication, 1950). Similarly, streptomycin and other antibiotics appear 
to be valuable in combating the infections in radiation-injured mice (C. P 
Miller, quoted by A. Brues, personal communication). Some reports, how- 
ever, claim that desoxycorticosterone and rutin increase the duration of life 
of irradiated animals (Ellinger, 1948; Field and Rekers, 1949), but the 
value of these drugs is questionable (Straube et al., 1949; Cronkite et al., 
1948-a). Recently, atropine given one day before irradiation and daily 
thereafter has been shown to reduce the radiation mortality in mice (Larkin, 
1949), 

There are a number of substances which, if given to animals before ex- 
posure, will protect against radiation effects.* Of these, cysteine produces 

* The mechanisms by means of which the various procedures mentioned here and in 
the succeeding paragraph counteract the damaging effects of radiation are not completely 
inderstood. However, in the case of two of the procedures (pretreatment with sulfhydryl 
containing compounds and reduction of the oxygen tension), there is reason to believe that 
protection is achieved by a modification of the activated products of irradiated water. Thus, 
flooding the tissues with free sulfhydryl groups provides an easily oxidizable substrate which 
can react with activated water products. The oxidation of such molecules, which are non- 
essential to cell function, spares vital enzymes and other important intracellular molecules 
(See Patt, Argonne National Laboratory quarterly Progress Report, 4401, page 75, 1950. 
for evidence not in keeping with this concept.) The protection afforded by reduction of 
the oxygen tension also is probably a consequence of a modification of irradiated water 


In this case there is a decrease in the number of chemically active radicals produced by 
irradiation, rather than a neutralization of the existing products (mentioned by Barron, 
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me of the most dramatic results (Patt et al., 1949-b), but glutathione (Chap- 

man et al., 1949), as well as vitamin C, pentose nucleotides and nicotinamide 
(Painter and Brues, 1949), also increases the life span and survival rate if 
given prior to irradiation. Estrogen (estradiol benzoate) given nine days 
before irradiation also decreases the mortality rate, presumably because of 
its stimulating effect on myelopoietic tissue (Treadwell, Gardner and Lawr 
ence, 1943; Patt et al., 1949-a). Similarly, a limited study suggests that 
preéxposure injections of foreign protein offer some protection to mice 
exposed to lethal doses of radiation (Graham and Graham, 1949).* 

b. Phystologic considerations 

\ number of physiologic methods of protecting tissue against radiation 
damage and of treating already injured tissues have been studied. Many 
of these have not been successful, but four procedures have been found to be 
effective in helping animals survive lethal doses of radiation. These pro 
cedures are (1) shielding a portion of the blood-forming tissues from the 
incident radiation; (2) placing animals in a low oxygen tension before ex 
posure; (3) drastic reduction of the body temperature in the case of new 
horn rats and mice, and (4) previous exposure to sublethal doses of radia 
tion. 

Shielding the spleens of anesthetized mice raises the 30 day median lethal 
dose from 600 roentgens in the control animals to 1,200 roentgens in the 
protected animals (Jacobson et al., 1949). The splenic tissue so protected 
loses its lymphoid elements but promptly begins active myelopoiesis and 
erythrocytopoiesis. Anemia does not occur in the shielded mice, and there 
is rapid recovery from the leukopenia. Rendering adult rats anoxic by 
placing them in an atmosphere of 5 per cent oxygen for eight minutes before 
exposure also raises the median lethal dose by a factor of about two (Dowdy, 
Bennett and Chastain, 1950). This procedure is ineffective if used after 
exposure \s has been mentioned previously, drastic reduction of body 
temperature prior to irradiation has been found to enable newborn rats to 
survive large doses of x-rays (Lacassagne, 1944; Storer and Hempelmann, 
unpublished data), but temporary chilling of frogs does not produce a com- 
parable beneficial effect (Patt and Swift, 1948-a). The prior exposure of 


ciation of irradiated water react with dissolved oxygen molecules to form hydroperoxid 


O.H. (See Section IV-B-1.) In the absence of oxygen this strongly oxidizing com- 

is not formed and, as a consequence, fewer organic molecules in the protoplasm 

he irradiated cell suffer chemical modification. In those instances in which temperature 

reduction is beneficial to irradiated new born mice, it has been shown that the low oxyger 

tension in the severely hypothermic tissues plays a part in the ultimate result (Storer and 
Hempelmann, unpublished data) 

* Recently, the following sulfur-free compounds have been found to protect bacteri 

siderable degree against the effects of x-rays: (1) glycerol, glycol, triethylene glycol 

lower alcohols (ethyl, methyl and propyl), (2) carboxylic and amino acids if 
by the organisms but only after incubation at 37° C. for a short time and (3 
sugars only after incubation (A. Hollaender, personal communication ) 

+ Since this section was written, it has been shown that injections of homogenize 
or embryonal tissues will improve the survival rate of irradiated mice even if ad- 
ed after exposure. Transplantation of the spleen and, more recently, of the bone 

also said to be effective in this regard. (1. O. Jacobson, personal communication. ) 


\.N.L., 4401, page 167, 1950). In aerated tissue, the hydrogen atoms produced by the 
! 


1 
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mice to sublethal doses of x-rays shortly before administration of a lethal 
amount of radiation results in a small but statistically significant increase 
in survival rate (Cronkite, 1948-b). 

c. Practical considerations in the treatment of patients with the acute 

radiation syndrome 

Che treatment used in the present patients was obviously empirical, as 
few of the experimental studies just reviewed had been performed before the 
occurrence of these accidents. However, important lessons concerning the 
practical problems of patient care can be learned from these cases. The 
signal finding which must be emphasized is that the possibility of injury 
should be considered for at least four weeks after exposure in persons who 
have received an unknown but large dose of total body radiation. The 
exposed individuals should be kept under medical observation until such a 
time as the possibility of illness is no longer present. A second lesson 
learned from observing these cases is the great difficulty of maintaining 
adequate caloric intake in severely injured persons. [ood intake is dimin- 
ished during the periods of gastrointestinal distress; and such food as is eaten 
may be poorly absorbed. Thus, experimental evidence in animals indicates 
a diminished absorption of fats, sugars and amino acids from the damaged 
gut (Martin and Rogers, 1924; Barron, Wolkowitz and Muntz, 1947; 
\ltman et al., 1949). A third experience worthy of mention is that ad 
ministration of transfusions and other intravenous medication may be 
difficult at times in acutely ill patients. Thus, circulatory collapse and 
extravasation of blood at the injection site present problems of practical 
iunportance 

[wo review articles consider the best available methods of treatment of 
the acute radiation syndrome (Painter and Brues, 1949; Cronkite and Chap- 
man, 1949). These articles conclude that good nursing care and hygiene, 
maintenance of the fluid and acid-base balance and the blood volume, replace 
ment of blood cells and the liberal use of antibiotics are the only thera 
peutic measures of value at the present time. Study of the current literature 
(since February, 1950) and discussion with investigators working on the 
therapy of radiation injury in animals indicate that the basis for using most 
of these procedures is clinical rather than experimental. The use of anti 
biotics alone (J. W. Howland, personal communication) or in combination 
with transfusions (J. G. Allen, personal communication) has been demon 
strated to be effective in prolonging life and decreasing morbidity and mor 
tality in dogs. The value of transfusions alone has not been established in 
dogs (J. G. Allen, personal communication), but insufficient attention has 


been given to blood grouping, blood transfusion technics and other variables 


known to influence the clinical response in such studies. It seems clear, 
however, that replacement of blood cells is amply justified on clinical grounds 
The use of toluidine blue is reported to have been helpful in controlling 
bleeding in a few persons with radiation-induced damage of the blood 
clotting mechanisms (Allen et al., 1949). The toxicity of this dye in 
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animals has interfered with thorough testing of its potential value in total 
body radiation injury rhe beneficial values of physical rest of the injured 
individual can be inferred from recent experiments which indicate that 
strenuous exercise increases the mortality rate of irradiated rats (Kimmel- 
dorf, Jones and Fishler, 1950). Clinical observations made in Japan also 
indicate the value of rest in patients injured by radiation. 

Current studies show that administration of antibiotics increases the sur- 
vival rate of animals which have received radiation in doses up to the 100 
per cent lethal dose and slightly above. These beneficial effects in part are 
related to the action of such antibiotics in combating infection or preventing 
invasion of the body by the usually nonpathogenic intestinal bacteria. Ina 
certain percentage of animals, life can be prolonged to the time when spon 
taneous regeneration occurs in vital organs such as the bone marrow. [From 
this evidence, it must be presumed that antibiotics will not be helpful in the 
treatment of injury due to doses of total body radiation much above 100 
per cent lethal dose. It is also apparent that the antibiotics with a “broad 
spectrum” acting on intestinal bacteria will be the most effective for clinical 
use. Thus, oral aureomycin and terramycin have been found to be particu 
larly valuable in treating dogs (J. W. Howland, personal communication ) 
\ problem which has arisen when antibiotics are administered over an ex- 
tended period is that some of the bacteria may develop resistance to the 
concentrations of the antibiotic that can be achieved clinically. The simple 
and obvious measure of substituting terramycin for aureomycin may not 


prove effective, since animal experiments indicate that organisms which 


develop resistance to aureomycin also become resistant to terramycin, a 

similar antibiotic with a broad spectrum (F. Furth and J. W. Howland, 
personal communication ) 

12. Summary 

lhe systemic reaction of the more severely injured patients followed the 

usual four phases of the acute radiation syndrome: (a) the initial reaction, 

(b) a period of relative well being, (c) toxemia associated with fever, gas 

trointestinal reactions, cardiovascular symptoms and bleeding, and (d) either 

death or eventual recovery rhe initial reaction, most pronounced in cases 

1, 3 and 4, resembled primary shock in certain respects, as it does in heavily 

irradiated animals. Although they felt much better during the second phase 

of the illness, the more severely injured patients were still moderately pros- 

his failure to recover completely from the initial reaction 

noted among the Japanese but has often been misrepresented. Low- 

d shortly after exposure, occurred only in the fatally injured 

rhe early fever is believed to represent a response of the body to 

breakdown, while the high fever during the toxic phase may have been 

rt, to infection. The radiostomatitis which preceded the terminal 

ulceration in the oropharynx of case 1 did not occur in the other 

in a very mild form in case 4) or in the Japanese. Factors 

unt for the repetitious nature of the gastrointestinal reactions 
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are: 1) difference in the latent period preceding the response of various por 
tions of the tract; 2) indirect or secondary intestinal reactions occurring in 
addition to direct injury of the gut, and 3) true periodicity apparently in- 
herent in certain responses of tissue to radiation. The gastric retention and 
jaundice of case 3—reactions not described previously in the acute radiation 
syndrome—are probably related to the severe degree of gastrointestinal and 
hepatic damage caused by the extremely high dose of radiation delivered to 
the midsection of the body of this patient. The terminal circulatory collapse 
of case 3 and the striking delayed weakness of one of the survivors may 


represent varying degrees of the constitutional response to adrenal cortical 
damage. ‘The pronounced loss of weight in the severely injured patients is 
a consequence of diminished food intake and possibly enhanced catabolism 
The absence of hemorrhagic phenomena in the more heavily exposed 
patients (except case 3) is believed to be due, in part, to the sparing 


of the deeply placed marrow from severe damage consequent to the dissipa 
tion of most of the radiation energy in the superficial tissues of the body 
-xcept for the delay in the time of response and for the reactions due to 
damage to selected tissues (hemorrhage, lymphopenia, etc.), the constitu 
tional reaction of these patients is similar in many respects to the illness of 
persons with severe thermal burns. Therapeutic measures in the acute 
radiation syndrome are limited to treatment of reactions secondary to tissue 
destruction. These include the liberal use of antibiotics, replacement of 
blood elements and maintenance of fluid and electrolyte balance. Certain 
pharmacologic and physiologic means, which minimize radiation damage it 
applied before exposure, are ineffective once tissue damage has occurred 


D. Addendum: Changes in the Eyes of Case 4 

The development of cataracts in the eyes of case 4 several years after 
exposure may be considered to be a delayed manifestation of the acute radia 
tion syndrome. The opacity is similar in nature to those which have been 
described in the lenses of persons exposed to ionizing radiations of various 
types. Such lesions usually take the form of an initial subcapsular haze at 
the posterior pole of the lens. This gradually develops into opacities which 
are frequently disc-shaped and clearly demarcated from the rest of the cortex 
The latent period between acute exposure of the eye to x-rays and the de- 
velopment of the opacities is usually between six and 24 months, but may be 
as long as eight to 12 years (Cogan, 1950). The latent period between ex 
posure and diminution of vision in the case of the Japanese with radiation 
cataracts was less than one year in one instance, and from two and one- 
quarter to two and one-half years in five others (Cogan, Martin and Kimura, 
1949). The cataracts in cyclotron workers, which are presumably due to 
chronic neutron irradiation, were detected about three years after exposure 
began (Abelson and Kruger, 1949). Radiation cataracts may be stationary 
but are usually progressive. They lend themselves to satisfactory surgical 


removal 
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The minimal acute radiation dose which will cause a cataract when de- 
livered locally to the eve has not been established with certainty, but is of the 
same order of magnitude as the erythema and epilation dose (Hunt, 1947). 
Thus, 875 roentgens of 130-kv x-rays and 1,000 roentgens of gamma rays 
are reported to have caused cataracts. In the 10 Japanese with visible 
changes in the lens, all received an epilation dose of radiation as shown by 
loss of hair one to four weeks after exposure. In contrast to acute ex 
posures, chronic or repetitive irradiation is believed to be more effective in 
producing permanent ocular changes than in causing a visible skin reaction 
(Cogan, 1950). Chronic exposure to neutrons has been shown to be highly 
cataractogenic in mice (Evans, T. C., 1948) and is believed to be equally 
effective in man (Abelson and Kruger, 1948). The R.B.E. of neutrons, as 
compared to gamma rays, administered in this manner in man, has been 
estimated to be 10 to 40 

The pathogenesis of radiation-induced cataracts is not understood. It 
is conceivable that the extremely slow rate of growth of the lens epithelium 
and, therefore, the long life span of these cells may have something to do 
with the prolongation of the latent periods between exposure and damage 
(See Section [\-b-2-a.) Just why the damage should be more extreme in 
the posterior pole is not clear, since the fibers making up the bulk of the 
cortex are derived from the epithelium and extend from the equator to both 


the anterior and posterior poles 


Section VI. Hematowe 
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VI. HEMATOLOGY 


[t is important to consider carefully the hematologic changes in these 
patients, since this response is one that is readily produced by ionizing radia 
tion. The reader is referred to the reviews by Jacobson, Marks and Lorenz 
(1949), Lawrence, Dowdy and Valentine (1948), Dunlap (Warren, 1942), 
and Goodfellow (1936) for detailed references to observations on changes in 
the blood of irradiated human beings and animals. 

In the subsequent discussion, the response of the blood in the present 
series of patients is frequently compared with that in other irradiated persons 
or animals. In interpreting the significance of such comparisons, two facts 
must be kept in mind. The first is that the conditions of exposure in the 
present patients were unique. Because the radiation was intense and not 
very penetrating, the exposures resulted in the prompt destruction of the 
superficial soft tissues (as in the hands of cases 1 and 3), while the deeply 
placed bone marrow was partially spared. Such tissue reactions did not 
occur in the injured Japanese and are not found in most experimentally 
irradiated animals. These unusual tissue reactions may explain some of the 
discrepancies between their hematologic response and those reported in the 
literature. A second fact to be remembered when the hematologic changes 
of these patients are compared with those in experimental animals is the 
variation between species in radiation reactions in general referred to in 
Section IV. Laboratory animals have been classified in the following man 
ner, according to the increasing radiosensitivity of their blood and blood 
forming tissues to total body irradiation with x-rays: rabbits, rats, mice, 
chicks, goats, guinea pigs and dogs. The radiosensitivity of man’s blood 
forming tissues approximates that of guinea pigs and dogs (Jacobson, Marks 
and Lorenz, 1949). Much of the variation between species is probably due 
to a difference in the sensitivity of the granulocytes, as the initial reaction 
of the lymphocytes appears by comparison to be less dependent upon the 
species (A. M. Brues, personal communication ) 


\. Methods 

All pipettes and hemocytometer chambers used in this study were certi 
fied by the National Bureau of Standards. The total erythrocyte count was 
determined by counting two sides of a chamber filled with blood diluted and 
mixed ina single pipette. Four chambers of diluted blood from two pipettes 
were examined to obtain the total leukocyte count. The hemoglobin content 
of the blood was determined by the oxyhemoglobin method of Evelyn 
(Evelyn and Malloy, 1948). The method of Dameshek (1932) was used 
to estimate the number of platelets and reticulocytes. Supravital prepara 
tions and dried films of blood stained with Wright's stain were examined for 


cytologic changes. The usual supravital staining technic was modified by 


increasing the strength of the dyes (Dickie and Hempelmann, 1947). The 
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differential counts prior to the accident were obtained by examination of 200 
fixed cells and 100 leukocytes in supravital preparations. Two hundred 
leukocytes in supravital preparation were counted in order to determine the 
postexposure hemograms. The number of refractive cytoplasmic bodies 


staining with neutral red in 50 lymphocytes was determined in each examina 
tion. All blood samples prior to the accident were taken between 8:30 and 
10 o'clock in the morning. The first blood samples after exposure were ob- 
tained within two hours of the accidents in all cases. Subsequent samples 
were taken twice daily (9 to 10 o'clock in the morning and 7 to 8 o’clock in 
the evening) for the first few days after the accident, and then once daily 
except for case 1, on whom two blood counts per day were made throughout 
the entire illness. 

The specimens of bone marrow were obtained by aspirating tissue from 
the sternal cavity through a 15-gauge needle. Supravital preparations and 
Wright-stained films of the clumps of aspirated marrow were studied for 
cytologic changes. The differential counts, however, were based only on 
examination of the supravital preparations. 

The clotting time of whole blood was determined by the method of Lee 
and White (1913). This technic was repeated in samples of whole blood 
to which small quantities of an aqueous solution of toluidine blue were added 
in order to determine the amount of heparin-like anticoagulant in the cir- 
culating blood (Allen et al., 1948). The prothrombin time was determined 
by the one-stage Quick procedure (Allen, Julian and Dragstedt, 1940) 


3. Changes in the Blood Count 

Graphs showing the changes in the formed elements of the blood during 
the period immediately after exposure accompany each case report in Section 
III. However, only a limited amount of information can be gained from 
the study of these graphs because of their size and the way in which they are 
plotted. Therefore, in order to present the hematologic data in more detail, 
a statistical analysis of the changes in leukocyte and erythrocyte counts is 
provided in Appendix II. Also, the individual lymphocyte and neutrophil 
counts for the first two week period after exposure are listed in Appendix 
III. The blood counts of cases 1 and 3 were not analyzed statistically, since 
the changes were obvious. Because the blood count may fluctuate con- 
siderably under normal conditions in the same individual, the difficulty in 
interpreting changes, even after the use of statistical analysis, is obvious 
The interpretation of the hematologic response is complicated further by the 
fact that no counts prior to exposure were available for two of the patients. 
Nevertheless, an attempt is made to evaluate the changes by applying statis- 
tical methods to groups of blood counts for a single individual over arbitrary 
intervals of time. The time intervals used in the analysis of the rapidly 
changing leukocyte count were shorter than those used for the more slowly 
changing erythrocyte count. The deviations of these averaged counts from 
the mean prior to exposure (when known) and from the range of normal 
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values (Wintrobe, 1943) were studied. Wherever possible, the trend or 
pattern of the deviation was determined 

1. Lymphocyte Response 

a. Development of lymphopenia 

Examination of the statistical data on the lymphocyte counts in Appendix 
Il shows that lymphopenia occurred in all patients except cases 2 and 10 
Ihe most severe degree of lymphopenia in cases + and © occurred between 
the third and the tenth to fifteenth days. The minimal averaged lymphocyte 
count occurred in case 7 during the 30 to 70 day period 

The prompt and sustained reduction in the number of circulating lym 
phocytes noted in most of the present series of patients is understandable, 
since lymphoid tissue has long been known to be one of the most radio 
sensitive in the body. It has been shown experimentally in man and animals 
that a fall in the lymphocyte-count occurs after acute exposure of the individ 
ual to relatively small doses of total body radiation. For example, 25 roent 
gens of x-rays caused a transient lymphopenia in rabbits (Jacobson and 
Marks, 1947), while total body irradiation of human subjects with divided 
doses of x-rays produced a fall in lymphocytes when the accumulated dose 
reached 40 roentgens (Low-Beer and Stone, 1948). The speed with which 
the fall in the blood lymphocytes occurs (15 to 30 minutes in animals) has 
been attributed to the short life time of the adult cells in the circulating blood 
(12 hours or less), the limited reserves of this type of cell and the immediate 
destruction of the parent cells in the lymphoid tissue (30 minutes) (Lawr- 
ence, Dowdy and Valentine, 1948). 

Although it is generally true that more pronounced lymphopenia occurs 
after higher doses, the ultimate level to which the lymphocytes fall is not 
always proportional to the dose of radiation. However, a close correlation 
has been shown to exist between the early rate of fall of the lymphocyte count 
and the integral dose of radiation. This was demonstrated for the first 
time in 1936 (Goodfellow). The relationship is best shown when the blood 
counts of groups of people are studied collectively, for it often cannot be 
observed in a single individual (Ellis, 1942). If the lymphocyte count is 
plotted against the integral dose delivered by radium implants, the number 
of cells diminishes rapidly as the dose of radiation increases. This is fol 
lowed by a slower rate of fall in the higher dose ranges (Bush, 1943; Price, 
1948). Thus, the administration of 20 megagram roentgens of gamma 
radiation to the pelvis in a series of women caused a fall in the mean lympho 
cyte count from 2,400 to 550 cells per mm.,® or a decrease of 1,850 cells per 
mm.* An additional 20 megagram roentgens (total, 40 megagram roent 
gens) caused only a fall to 200 cells, or a decrease of 350 cells per mm 
ach additional increment of the same magnitude produced less of a drop in 


s 


the absolute lymphocyte count 

b. Recovery of the lymphocyte count 

It can be concluded from the study of the survivors of the present acci 
dents that the return to the normal lymphocyte level after irradiation may 
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be an extremely slow process. The lymphocyte count of cases 4 and 6 was 
still depressed below the preéxposure level during the second year after 
exposure 

A similar slow recovery ot the lymphocyte count was noted in patients 
given 60 to 120 roentgens of total body radiation for therapeutic reasons 
(Cantril et al., 1947). In some of these cases the lymphocyte count did not 
return to the preexposure level during a 150 day period of observation after 
exposure. The lymphocyte count in many of the Japanese patients also was 
depressed at the conclusion of the study three months after exposure ( Medi- 
cal Report of Joint Commission, Section 6). In contrast to these observa 
tions in man, recovery of the lymphocyte count in animals is more rapid 
l‘or example, in rabbits, the lymphocyte count returns to levels present be 
fore exposure within 60 days, even after exposure to 300 roentgens of x-rays 
( Jacobson and Marks, 1947). It is interesting that, in both animals and 
man, the regeneration of parent lymphoid tissue is more rapid than is the 
return of the lymphocyte count. This lack of correlation between the rate 
of recovery of the blood and tissue lymphocytes is discussed further in 
Section LX 


Cause of radiation lymphopenia 


l_ymphopenia is found in a number of conditions unrelated to radiation 


injury hus, severe infection, advanced Hodgkin's disease or tuberculosis, 
chronic leukemias other than the lymphatic type, subleukemic lymphatic leu 
kemia, and advanced agranulocytosis regardless of the cause show varying 
reduction of the lymphocyte count (Sturgis, 1948). However, 

) significant change in the circulating lymphocytes occurs in persons with 
ermal burns, even though generalized involution of the lymphoid tissue 
ias been described in this as well as in other types of injury (Pack, 1926). 
Phe lymphopenia following irradiation has long been assumed to be the 
result of the direct destructive action of radiation on the parent lymphoid 
tissue. Indirect factors originating outside the lymphoid tissue and trans 
mitted through the blood stream have been searched for but not clearly 
demonstrated (Lawrence, Valentine and Dowdy, 1948; Barnes and Furth, 
1043 ) Recently, the possibility has been suggested that an indirect effect 
of radiation on lymphoid tissue is mediated through the adrenal and pituitary 
glands (Dougherty and White, 1946).* The postulation, which is of par 
ticular interest because of the adrenal response to radiation injury discussed 
in Sections V, VII and IX, is based on two experimental findings. The 


if 


ugh large doses of x-rays (200 roentgens) cause the same 
. 1, 
nplhye 
omized mice, small doses (10 roentgens) have an effect on the 
elements only in those animals with intact adrenal glands. The 


ypenia and involution of the lymphoid tissue in normal and 


suspected of influencing the circulating 
‘rease in these cells has been observed in 
nker, Kent and Yoffey, 1941). Attempts 
lymphocyte count in animals by adrenal 


lentine, Craddock and Lawrence, 1948). 
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second observation is that lymphopenia and involution of lymphoid tissue 
can be demonstrated in mice, rats, rabbits and dogs following the administra 
tion of adrenocorticotropic hormone and adrenal cortical extracts (Dough 
erty and White, 1944; Reinhardt, Aron and Li, 1944; Farr et al., 1948) 
It is not clear, however, that this happens in all animal species (Valentine, 
Craddock and Lawrence, 1948). In man, a single dose of pituitary adreno 
corticotropic hormone causes a fall in blood lymphocytes and eosinophils and 
a marked rise in the number of circulating neutrophils (Hills, Forsham and 
inch, 1948). Protracted administration of adrenocorticotropic hormone 
over a four day period causes an initial drop in lymphocytes, followed by a 
rise which, during the course of the treatment, exceeds the level observed 
before treatment 

It may be concluded from this short review that the role of the adrenal 
and pituitary glands in the production of radiation lymphopenia is not clearly 
understood, but hormonal imbalance due to dysfunction of these glands may 
contribute to this response. 

2. Total Leukocyte and Neutrophil Count 

a. Response of the patients 

The variation in the total leukocyte count from day-to-day was duc 
largely to changes in the number of neutrophils, since the other leukocytes 
in the circulating blood usually remained at a relatively constant level after 
the first few days following exposure. The following statements, therefore, 
with few exceptions, can be applied to both the neutrophil response and th« 
total le ukocyte count 

\ll cases showed an initial leukocytosis due to an increase in the number 
of mature cells of the neutrophilic polymorphonuclear series. Except in 
cases 1 and 3, both of whom showed leukocytosis for several days, the early 
increase in neutrophils was not sustained but soon gave way to a condition 
of marked instability of the leukocyte count, which showed wide fluctuations 


ranging from the normal value to two or three times normal. Only case 9 

le count below the lower limit of normal during the first four 
days after exposure. With certain exceptions (notably, case 10), the height 
of the initial leukocyte count was roughly proportional to the dose of radia 
tion. No constant correlation could be found in the times at which the 


showed a sing] 


peaks and troughs occurred in the curves of the leukocyte response for the 
different cases 

The initial period of normal-to-high neutrophil counts which lasted four 
to five days was succeeded by a neutropenia in cases 1, 3 and 4. It is sig 


cant that young neutrophils were not conspicuous until the leukopenic 


phase was established. The transient rise in neutrophils which occurred 
in cases 1 and 4 between the ninth and fifteenth days is also noteworthy 
During this period there was no increase in the other cellular constituents of 
the blood, except for the platelets. In case 4, the only surviving patient 
with a clear cut neutropenia after exposure, the time required for recovery 
to the level of the neutrophil count prior to exposure was about two months 





418 H. HEMPELMANN, H. LISCO, AND J. G. HOFFMAN 


b. Lmitial increase in neutrophils 

Initial leukocytosis following exposure to lethal or sublethal doses of 
ionizing radiation has been observed before in man and animals. The leu- 
kocyte count of a patient with acute mesothorium poisoning remained at a 
level of about 20,000 cells per mm.* for the first two days of the illness 
(Hamperl and Roemheld, 1936). However, such an early leukocytosis 
does not invariably occur in irradiated human beings. Thus, no increase 
in neutrophils was observed in a series of patients given a single total body 
exposure of from 60 to 120 roentgens of x-rays (Cantril et al., 1947). 
Divided doses, up to 500 roentgens, similarly did not cause leukocytosis in 
another group of patients (Low-Beer and Stone, 1948). Furthermore, two 
instances of leukopenia rather than leukocytosis were recorded in the few 
blood counts that were made on the Japanese during the first 24 hours after 
the atomic explosions (Medical Report of Joint Commission, Section 6) 

In most animal species (dogs being a notable exception) leukocytosis 
occurs immediately after irradiation, but it is less marked and of shorter 
duration than that noted in these patients. Two peaks occur in the neutro- 
phil response of rabbits, one at 12 and the other at 24 hours after exposure 
to either 500 or 800 roentgens of total body x-rays (Jacobson and Marks, 
1947). Rabbits show an “abortive” increase, not only in the number of 
granulocytes but also in the number of lymphocytes and reticulocytes between 
the fourth and the eleventh days (Jacobson and Marks, 1947). 

The initial and the abortive granulocytosis are now interpreted as a 
secondary reaction to tissue injury rather than as the result of the alleged 
stimulating effect on the bone marrow mentioned in the early literature 
(Bloom and Jacobson, 1948). Similar and equally prompt granulocytosis 
is observed in patients suffering from many other related and unrelated 
diseases. For example, a total white cell count of over 20,000 cells per 
mm.,* largely due to an increase in the granulocytes, is not unusual in patients 
with severe thermal burns within three hours after injury (Medical Re 
search Council, 1944). The number of granulocytes in such patients falls 
to normal or subnormal within two days. A second granulocytosis may 
occur at the end of the first week, presumably as a response to infection of 
the burned surfaces. Early granulocytosis is also noted in patients with 
circulatory collapse due to intestinal obstruction (Moon, Kornblum and 
Morgan, 1941) 

In interpreting the early granulocytosis in the present cases, one must 
remember that the patients were apprehensive during the period immediately 
following the accidents. Therefore, emotional factors may also have in- 
fluenced the initial response of the formed elements of the blood. 

c. Neutropenia 

rhe neutropenia that occurs in patients severely injured by radiation is 
well known. It is a matter of considerable interest, therefore, that none of 
the patients exhibited clear-cut neutropenia except for the most heavily ex- 
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posed, i.e., cases 1, 3 and 4. In case 4, the neutropenia was most severe 
during the twentieth to fortieth day of the period following exposure. The 
neutrophil count returned to the pre€xposure level during the fifty-fifth to 
seventieth day interval. The neutrophil count of case 6 did not return to 
the prior level after the initial elevation, but that in cases 7, 8 and 9 fell to 
low normal (3,000 to 4,000 cells per mm.*). Only two of these three 
patients had blood counts before exposure, and, in each instance, the neu 
trophil count after the initial rise did not fall significantly below the mean 
prior to exposure. 

The early blood counts made on the injured Japanese are so few that they 
contribute little information about the initial blood cell response to irradia- 
tion. Considerable data are available, however, regarding the degree and 
duration of the leukopenia (Medical Report of the Joint Commission, Sec 
tion 6). The lowest leukocyte count of the fatally injured patients was 
almost always less than 500 cells per mm.,* whereas that of the survivors 
was usually above this level. Leukopenia in the Japanese survivors was 
most extreme between the third and fourth weeks. The neutrophil count 
began to rise shortly after this time and was usually normal by the end of the 
eighth week. Thus, the time of the response of the neutrophils noted in 
case 4 conforms well with that observed in the Japanese patients. 

In interpreting the neutrophil response, as well as that of the other formed 
elements of the blood, one should keep in mind animal experiments, in which 
the conditions of exposure resemble those of the present patients. These ex 
periments show that shielding of the spleens of mice during irradiation 
modified the subsequent response of the formed elements of the blood (Jacob 
son et al., 1949-b). In animals so protected, the degree of neutropenia was 
not influenced, but recovery of the neutrophil count occurred more promptly 
than in unprotected animals. The limited range in tissue of the incident 
neutrons that caused body damage in the patients under consideration means 
that some of the deep-seated hematopoietic tissues must have received a rela 
tively small dose of radiation. Therefore, these conditions of exposure were 
somewhat similar to those in the animal experiments just mentioned, and one 
might expect the hematologic response of these patients to be slightly differ- 
ent from that seen in persons uniformly exposed to penetrating radiation 
In considering the precipitous drop in the neutrophil counts of cases 1 and 3, 
one should also recall a suggestion for correlating the time of the fall in 
neutrophil count with the life span of these cells in the circulating blood 
(Lawrence, Dowdy and Valentine, 1948). In irradiated cats, 18 hours 
elapse between the time at which the neutrophil count begins to fall and the 
time at which the lowest granulocyte count is reached. This time is be 
lieved to be equal to the life span of neutrophils in the circulating blood. It 
is postulated that the good reserve of this type of cell in the body is responsi 
ble for the delay of a day or so in the appearance of neutropenia. 

In considering the neutropenia that occurred late in the iliness of the 
fatally injured patients, it should be emphasized again that agranulocytosis 
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may occur terminally in patients with other unrelated illnesses (thermal 
burns, intestinal obstruction, etc. ) 

3. Eosinophil Count 

Study of the statistical data shows that there was a fall in the eosinophil 
count of the most heavily exposed patients. In case 4, the period of 
lowest eosinophil count (50 to 100 cells per mm.*) occurred between the 
twentieth and the seventieth days. Of the six other patients, cases 6 and 8 
showed a definite eosinophilia, cases 2, 7 and 9 had eosinophil counts over 
250 cells per mm.,* while the eosinophil count of case 10 showed no chang« 
from the preexposure level. ‘The eosinophilia in case 6 was striking, ranging 
hetween 550 and 750 cells per mm.* in the period between two and 12.5 
months after exposure. It is impossible to say that the eosinophil counts 
over the upper limit of normal (250 cells per mm.*) in cases 2, 7 and 9 repre 
sented a true increase in cosinophils, since in two of these cases there were 
no counts prior to exposure and, in the third, the average count before ex 
posure was in the high normal range (200 to 300 cells per mm.*) 

lcosinophilia has been said to be an inconstant finding in persons chronic 
lly exposed to ionizing radiation (Goodfellow, 1936) Many Japanese 
subjects showed a relative increase in the percentage of eosinophils (more 
than 10 per cent of the total leukocyte count), particularly in the period from 
eight to 12 weeks after exposure (Medical Report of Joint Commission 


lhe percentage of eosinophils was roughly proportional to the radiation 


dose in the survivors. The relative increase in eosinophils was more strik 

ing in the patients at Nagasaki than in those at Hiroshima. In contrast to 

these observations, eosinophilia was not observed in recent human or animal 

studies of radiation effects (Jacobson and Marks, 1947; Cantril et al., 1947; 
Low-Leer and Stone, 1948) 

It is interesting and perhaps significant that a fall in eosinophil count 

irred only in the patients with overt signs of injury The eosinophil 

f those patients who experienced no illness either remained unchanged 

increased It is also apparent that the depression of eosinophils in 

orresponded rather well in time to the period of delayed weakness 

it, like the lymphocyte count, is influenced by the adrenal 

\Ithough it is probably unnecessary to explain the 

on the basis of any mechanism other than direct damag« 

me marrow, it is tempting to try to relate the 

il count to the reaction of the adrenal glands. Whereas 

adrenal cortex or administration of adrenal cortical hor 

fall in eosinophil count, insufficiency of adrenal cortical 

e associated with a normal or an elevated eosinophil count 

am, 1950 It is conceivable that adrenal dysfunction i1 

suspected on the basis of other observations, may have in 


hil response 
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4. Monocyte Count 

It can be seen from the curves of the monocyte response in cases 1 and 3 
that the former did not show a striking change in the monocyte count even 
in the terminal stage of his illness, whereas the latter showed a definite 
monocytopenia before death. Consideration of the statistical data on the 
blood counts of the survivors indicates that the monocyte count of case 4 
fluctuated markedly after exposure but showed no sustained deviation from 
the mean count before exposure. The monocyte level in cases 6 and 10, on 
the other hand, showed a significant sustained increase over the average 
prior to exposure, while in case 9 the monocyte count increased temporarily 
after exposure. In case 6, the maximal degree of monocytosis (900 to 
1,100 cells per mm.*) occurred between the third and thirtieth days. There 
also appears to be a probable elevation in the monocyte counts of cases 7 and 
8. In case 7, who had no count before exposure, the mean of the monocyte 
counts showed a steady downward trend from an initial high level after ex 
posure of 980 cells per mm.* The averaged monocyte counts in case 8 
fluctuated, but four of the six groups of counts were more than one standard 
deviation of the mean above the level before exposure. In contrast to these 
patients who showed a significant change after exposure, the monocyte count 
of case 2 remained constantly above the upper limit of normal, but in the 
ibsence of prior counts, one cannot say that this represents an increase 

In all of the survivors except case 4, the averaged monocyte count during 
the first three days after exposure was high, with extremes of 650 and 1,100 
cells per mm lhe apparent increase in monocytes shown by many of thes« 
survivors is interesting in view of the delayed monocytosis described in a 
series of patients with rheumatoid arthritis treated by total body irradiation 
(Low-Beer and Stone, 1948) 

5 Baso phi ul Count 


t is impossible to draw definite conclusions about the basophil counts 


| 
in the more severely injured patients, because these cells may have been 


confused with toxic neutrophils Chis is particularly unfortunate in case 

because of the large number of tissue mast cells found at autopsy. (See 
Section IX.) In the other patients, the basophil counts are also difficult to 
evaluate on a statistical basis because of the normally low incidence of this 
type of cell. However, basophils did not disappear from the peripheral blood 
in cases 4 and 6, although they may have been diminished in number. The 


} 


question has been raised as to whether many of the cells referred to as “toxic” 


granulocytes were not actually abnormal basophils, since many precursors of 
this type of cell have been seen in the marrow of patients subjected to total 
body radiation (L. O. Jacobson, personal communication The fact that 
the toxic granules of the neutrophils of case 1 did not give the metachromati 
color reaction with toluidine blue does not support such a hypothesis 

6. Erythrocyte Response 

\ gradual fall in the erythrocyte level associated with a comparable drop 


in hemoglobin occurred in case 1 during the second week after exposure and 
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thereafter. Case 3 did not become anemic, perhaps because of the many 
transfusions. Case 4 showed a decrease in red blood cells of probable statis 
tical significance, most pronounced 40 to 70 days after exposure and lasting 
six to eight months (Appendix II). A lesser decrease of questionable sig- 
nificance in the red blood cell count of case 6 also was noted during the same 
40 to 70 day interval following exposure. The drop in hemoglobin level in 
these cases was less than the decrease in red blood cells. The studies of the 
cell volume and cell hemoglobin content in cases 4 and 6 during the third 
week after exposures are of limited value and are not indicative of a true 
deviation from normal. In cases 7 and 8, the only other patients whose 
erythrocyte counts were analyzed statistically, there appeared to be no sig 
nificant change after exposure. 

A transient increase in erythrocyte level occurred in cases 1, 3 and 6 
shortly after exposure. In cases 1 and 3 this may be explained on the basis 
of dehydration, but its cause in case 6 is obscure. 

\nemia of the macrocytic and hyperchromic type is the classic finding 
in persons repeatedly exposed to ionizing radiation from an external source 
and in patients in whose bodies radioactive materials have been deposited 
(Warren, Dunlap, 1942). The anemia that occurs in animals after acute 
exposure to x-rays is normochromic (Jacobson and Marks, 1947). Patients 
exposed to 150 or more roentgens in divided.doses showed a macrocytic 
anemia which reached a maximum 200 days after treatment (Low-Beer and 
Stone, 1948). The possible change in the erythrocyte count of cases 4 and 
6, as pointed out previously, occurred much more promptly. The relatively 
early decrease in red blood cells noted in these cases is in accord with the 
observations in the Japanese survivors, in whom the lowest erythrocyte 
counts occurred between the sixth and seventh weeks (Medical Report of 
Joint Commission, Section 6). The anemias of the Japanese patients were 
of the macrocytic and hyperchromic type. It must be remembered, however, 
that the anemia in the Japanese (in some of whom the red blood count fell 
to 1,000,000 cells per mm.*) was due, in part, to infection, thermal burns 
malnutrition and other factors unrelated to ionizing radiation 

Normochromic macrocytic anemia, sometimes of a severe degree, fre 
quently occurs in patients with other injuries, such as severe thermal burns 
( Medical Research Council, 1944). The anemia of burned patients is be 
lieved to be hemolytic in nature, due to the prompt destruction of excessively 
fragile injured erythrocytes. Experimental work suggests that this type of 
hemolysis results from structural changes in red blood cells that have been 
damaged by being subjected to a rise in temperature at the time of the injury 
(Shen and Ham, 1943) 

Indirect evidence in animals indicates that there may also be a hemolytic 
factor in the production of the anemia induced by radiation (Schwartz et al.. 
1946). This has been proposed on theoretic grounds in order to account 
tor the rapid development of terminal anemia in fatally injured animals 
In the absence of gross bleeding, the fall in red blood cell count of these 
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animals is too rapid to be explained solely on the basis of the inhibition of 
erythropoiesis. Studies of urobilinogen excretion support but do not prove 
the hypothesis that hemolysis occurs. Since the fragility of erythrocytes 
of irradiated dogs is not increased (Prosser, Painter and Swift, 1947-b), the 
mechanism underlying development of possible hemolysis in the acute radia 


tion syndrome is not clear. It has been suggested that this may be related 
to bacterial toxins or other factors associated with infection (J. W. How 
land, personal communication ) 

7. Reticulocyte Count 

[he reticulocyte count of case 1 showed no change even in the terminal 
stage of the illness, whereas that of case 3 showed a gradual fall. Case 4 
exhibited an increase in reticulocyte count during the latter part of the first 
month after exposure. The failure of the reticulocyte count to fall in case 1 
is unexpected in view of the consistent decrease noted in irradiated animals 
(Jacobson and Marks, 1947; Lawrence, Dowdy and Valentine, 1948). It 
may be explained, however, on the basis of the protection from damage of 
some of the marrow, as has been emphasized previously 

8. Platelets 

\ fall in platelets in the peripheral blood was observed in cases 1, 3, 4, 
and probably in case 6. Except for case 3, whose thrombocytopenia de- 
veloped abruptly on the sixth day after exposure, the decrease in platelets 
did not occur until the third week after exposure. The platelet count of the 
survivors did not reach the level usually associated with spontaneous bleed 
ing. (See Part D of this section for a discussion of the postirradiation 
hemorrhagic phenomena. ) 

The thrombocytopenia that occurs in man and animals exposed to large 
doses of ionizing radiation is well known. Thus, extremely low platelet 
counts were observed in the severely injured Japanese within a week after 
exposure (Medical Report of the Joint Commission). [xcept for one case, 
significant changes in platelet count were not observed in the two series of 
patients treated with whole body radiation (Cantril et al., 1947; Low-Beer 
and Stone, 1948), but this is understandable since the doses in these cases 
were small compared to those received by the Japanese who showed severe 
hematologic changes. In animals, thrombocytopenia is reported to develop 
about four or five days after exposure to sublethal doses of x-rays (Lawrence, 
Valentine and Dowdy, 1948). These experiments have indicated that the 
radiosensitivity of platelets or platelet precursors is less than that of the 
reticulocytes. Other studies in animals have shown that the quantitative 
response of the platelets approximates that of cells of the granulocytic series 
(Jacobson, Marks and Lorenz, 1949). In view of these observations, it is 
surprising to find a thrombocytopenia of probable significance in case 6 
who did not show a fall in either reticulocyte or granulocyte count 

9. Summary 

\ll patients showed an increase in the total leukocyte and neutrophil 
‘ounts immediately after exposure. In the two fatally injured patients, 
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both of whom had prompt and extensive destruction of the hand and other 
tissues, the marked neutrophilia was sustained for several days. All other 
patients showed a fluctuation of the neutrophil count from normal to moder- 
ately high levels during the first few days after exposure. The initial neu- 
trophilia was succeeded by neutropenia in cases 1, 3 and 4. Lymphopenia 
of statistical significance occurred in all but three of the patients. In two of 
the survivors, the lymphocyte count did not return to the preéxposure level 
until the second year after exposure. <A fall in eosinophil count occurred in 
the most heavily irradiated patients, whereas eosinophilia occurred in 
two and possibly five of the remaining six patients. A fall in monocyte 
count occurred only in case 3. All of the survivors showed an initial mono- 
cytosis. In four of the patients reported in this article, a definite increase in 
subsequent monocyte counts was noted and, in two others, there was an 
increase of probable significance. Three patients showed an early rise in 
erythrocyte count and hemoglobin level. One fatally injured patient and 
two survivors showed a moderate fall in red blood cell count. The relative 
anemias in the survivors were mild, and one was of questionable significance 
exes pt for case 3. there was no decrease in the reticulocyte counts, but fi ur 
and possibly five patients showed a fall in platelets 

It was pointed out that caution must be used in comparing directly the 
hematologic response of these patients with that reported in human subjects 
exposed to radiation under other conditions. Thus, certain tissue reactions 
(prompt death of the tissues of the hand of cases 1 and 3, and partial protec 
tion of the bone marrow of all cases) are unique in the present situation and 
may be expected to modify the hematologic reaction usually seen in the acute 
radiation syndrome 


han Jes mm the Blood Cells 


*s 


lymphocytes showing varying degrees of disintegration were noted in 
pheral blood of the fatally injured patients. The lymphocytes of 
showed minor cytologic changes, whereas those in the other survivors 


| entirely normal. Many of the degenerative changes seen in the 
lating Iymphocytes could also be observed in the histologic sections of 
These changes consisted of cellular enlargement, clump 
natin, vacuolation of both nucleus and cytoplasm, and some 
lear pyknosis. It is interesting to note that a particular 
re could be confined to one part of the nucleus. Thus, part of 
me cells was pyknotic or poorly stained, while the rest of the 
relatively normal. Perhaps more remarkable than the 
ration of cells was the presence of relatively normal lympho- 
l of cases 1 and 3 just before death. 
| degenerative changes noted in the lymphocytes of these 
patients was not reported in the Japanese patients. However, an abnormal 
tvpe of lymphocyte, similar to that which occurs in infectious mononucleosis, 
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was seen in the blood films of the Japanese ( Medical Report of Joint Com 
mission, Section 6). These large cells contained variable amounts of cyto- 
plasm and small eccentrically placed nuclei, the chromatin of which was 


] 


coarse and bunched. In some cases these abnormal cells constituted 25 per 


all circulating lymphocytes. Although a few cells with these char 


1 


s were seen in the blood films of case 1, this type of cellular change 
uous either in the fatally injured patients or in the survivors 
in the number of refractive, neutral red-staining granules 
he lymphocytes, noted in all but two patients, has been described previ 
y in persons chronically or acutely exposed to ionizing radiation (Dickie 
d Hempelmann, 1947) \ comparable change has been observed recently 
a series of four patients with beta-ray burns (Knowlton et al., 1949) 
‘ase in refractive granules does not appear to be a specific effect of 
radiation, for it is also observed in the lymphocytes of persons ex- 
rtain toxic chemicals. These intracellular inclusions are believed 
nt from the neutral red-staining vacuoles also seen in supravitally 
The neutral red bodies are not seen in blood smears fixed 
since they are soluble in alcohol Recent evidence indicates 
] 


that the refractive bodies are lipid in nature and presumably contain a large 


proportion of phospholipids. They are birefringent, have a high refractive 


index, and are increased in numbers by the action on the living cells of the 
neutral red component of the supravital dyes (Hempelmann and Knowlton, 
in press). It should be pointed out that the increased number of refractive 
bodies persisted for more than two years in case 4 and for over one year in 
» 6 
2. Neutrophils 
Degenerative changes which consisted of swelling and vacuolation of 
ie nucleus and cytoplasm and pallor or pyknosis of the nuclei were observed 
the neutrophils of the more severely injured patients. It is interesting 
hat two types of disintegration could occur simultaneously in the 
hus, the nucleus of a single cell might show swelling of one 
lobe and pyknosis of another 
Che most interesting change in the neutrophils was the marked degree 


f toxic granulation of the cytoplasm. This appeared promptly (one hour 
lasted until the acute stag illness had 


s were similar in appearance to ose described in 


after sure in 3), and 


infections. The granulation occurred in young and 

1 the depth of staining of the granules was often accen 

’ pallor of the cell nuclei. The staining properties of the 

ules were not destroyed by incubating fixed blood films with crystalline 
onuclease It has been suggested that these cells might be basophils 
bson, personal communication ) If these granules had stained with 
hromatic dyes, this view would have been established as fact Since 
metachromatic reaction did not take place in destained blood films of 


1, this possibility is still open to question 
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3. Monocytes 

rhe “lacy” type of nuclear vacuolation described in the monocytes 
of case 1 was not observed in the blood of the other patients in this series 
and has not been reported in the literature 

4. Platelets 

The only morphologic change in the platelets was the increase in size 


observed in case 1. 

5. Summary 

Cytologic changes in the circulating leukocytes occurred only in the 
patients who had received the largest doses of radiation. The exception to 
this statement is the increase in neutral red-staining, lymphocytic granules 
which was apparent in almost all patients. The changes in cell structure 
were degenerative in nature and were consistent with those seen in fixed 


tissues 
D. Bone Marrow Response as Revealed by Sternal Marrow Aspirations 

It is impossible to get a satisfactory picture of the sequence of events in 
tissue destruction and repair from a study of the limited number of bone 
marrow aspirations done on this series of patients. Therefore, the pattern 
of the response of the bone marrow observed in the Japanese patients will 
be presented briefly (Medical Report of Joint Commission, Section 6), to 
be used as a basis for the interpretation of the observations on these patients. 

The early response of the bone marrow in the irradiated Japanese was not 
studied thoroughly, but enough observations were made to show that de- 
struction of marrow occurred promptly. In the single specimen obtained 
from a fatally injured patient on the second day after exposure, 5 per cent 
of the marrow cells were lymphocytes, 29 per cent histiocytes, 19 per cent 
plasma cells and 44 per cent unidentifiable. In a few other marrow speci- 
mens, obtained several days later, only a few plasma cells, degenerating 
metamyelocytes and small lymphocytes were observed. In contrast to the 
early destruction, all specimens obtained seven to 10 days following exposure 
showed regeneration of the reticular cells. Foci of mononuclear cells grad- 
ually appeared in the hyperplastic reticulum. There was a gradual meta- 
morphosis of the reticular marrow into cells of the granulocytic, lymphocytic, 
erythrocytic and megakaryocytic series. Erythrocytic regeneration was 
delayed longer than was the recovery of the leukocytes. In most cases the 
pattern of myelopoiesis was normal seven or eight weeks after exposure, 
whereas maximal erythropoiesis did not occur until the tenth to twelfth 
week. Samples of the bone marrow of the survivors appeared completely 
normal between the twelfth and sixteenth weeks and thereafter. 

[arly destruction was evident in the heavily irradiated sternal marrows 
of cases 3 and 4, with only a few viable cells seen on the second day after 
exposure. In contrast, cases 7 and 9 showed no evidence of damage of the 
marrow on the fourth day after the accident. The most revealing studies 
are those done by Dr. Carl V. Moore on specimens obtained from cases 4 
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and 6 twenty-two days after exposure. His observations indicate that there 
was marked hypoplasia of the marrow in both cases, with only a few islands 
of normoblasts in case 4 and a predominance of normoblasts in case 6. The 
marrow of the latter patient also showed a striking increase in the number of 


phagocytic myelocytes and a moderate increase in tissue basophils. Hyper- 


plasia of the reticulum was not observed. The marrow specimens of cases 
4 and 6 obtained during the eleventh week showed a normal cellular pattern, 
even though the erythrocyte count of the circulating blood was still depressed 
at this time. In evaluating the studies of the bone marrow, it must be re- 
called that the sternal tissues of these patients were subjected to the full 
impact of the neutron irradiation. Nevertheless, it is evident that the present 
findings bear out the observations on the Japanese of rapid destruction of 
marrow within two days and regeneration within three months. They do 
not show the reticular hyperplasia noted in the Japanese. 

Studies of the bone marrow response of animals show that cellular 
destruction occurs shortly after exposure and that recovery is also relatively 
rapid (Bloom, 1948; Lawrence, Dowdy and Valentine, 1948). in rabbits 
given 800 roentgens of x-rays, cellular damage is evident 30 minutes after 
exposure and is marked three hours later (Bloom, 1948). The erythro- 
blasts disappear more rapidly than the granulocytes. Destruction of tissue 
reaches its maximum five days after exposure, following which an “abortive” 
attempt at regeneration occurs, first in granulopoiesis and then in erythro- 
poiesis. Sustained erythropoiesis begins on the tenth to fourteenth day, 
while myelopoiesis is somewhat delayed. In rabbits receiving smaller doses 
of x-rays (400 roentgens), the bone marrow damage is not so extensive or 
prolonged and the precursors of the granulocyte recover before the erythro- 
blastic cells. 


Disturbance of the Blood Clotting Mechanism 


Studies of blood coagulation in the patients involved in the second acci- 
dent show that the blood clotting time was prolonged considerably in cases 
3, 4 and 6. The prothrombin time remained normal in all patients except 
case 3, who showed a terminal fall. The clotting time increased progres- 
sively in case 3, until at death whole blood samples were uncoagulable. The 
maximal disturbance in blood clotting in the case of the survivors occurred 
on the sixth day after exposure. The clotting time could be brought back 
to normal in all cases by adding small amounts of toluidine blue to the sample 
of whole blood. 

The increase in the clotting time of the blood of irradiated persons and 
animals has been attributed, in part, to the presence of a material in the circu- 
lating blood which has been said to be heparin-like in nature (Allen et al., 
1948). The excess of this material can be neutralized by toluidine blue or 
protamine sulfate, and the clotting time brought back to normal in vitro or 
in vivo, even in the presence of severe thrombocytopenia. This is evidence 
in favor of the heparin-like character of the anticoagulant, since toluidine 
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blue, a metachromatic dye, is known to combine specifically with the sulfuric 
acid ester type linkag h as is possessed by heparin. The possible rela 
tion of this circulating anticoagulant to the tissue mast cells is discussed in 
Section IX 

It should be emphasized that prolongation of the clotting time is not a 
constant finding in animals and, if it occurs, 1s not always neutralizable with 
toluidine blue furthermore, increased clotting time is only one cause of 
bleeding in the acute radiation syndrome (Cronkite, 1950). The decrease in 


platelets and the increased capillary fragility, both of which have been ob 


served in the injured Japanese and in irradiated animals, obviously con 
tribute to the development of the clinical bleeding which is usually so con 
spicuous several weeks after exposure to lethal doses of radiation. Thes 
three ph nomena appear to be unrelated This is suggested by the fact that 
e of the anticoagulant in irradiated dogs does not always coin 

with the development of the thrombocytopenia (Allen et al., 

In a report on the hemorrhagic phenomena in the animals exposed 


to the atomic explosions at Bikini, three types of bleeding were noted at 

different times after exposure: Capillary fragility with scattered petechiae 
] ; d 

occurred early, thrombocytopenia with purpura appeared later in the illness, 


1 


ind prolongation of the clotting time with severe bleeding was observed only 


luring the terminal stages of the illness (Cronkite, 1947) 


d serum protein 


Plasma Proteins 


HEMISTRY OF THE BLOOD AND URINI 


war, the medical literature concerned with the changes 

and urine chemistry induced by exposure to radiation was limited 

to conventional metabolic studies. Much of the data is controversial, as 
can be seen in the review of this subject by Dunlap (Warren, 1942). As 
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will become evident, some of the inconsistencies may be explained by the 
fact that many of the chemical responses appear to be biphasic in nature; the 
reported data depend, therefore, not only upon the magnitude of the dose 
of radiation but also upon the time after exposure at which the studies were 
made. The extensive chemical investigations of the blood and urine in 
irradiated human subjects and animals carried on during the last six years 
will soon be published in the Plutonium Project Report. Some of these 


studies have appeared in articles by Schwartz (1947, 1949) 


\. Chemistry of the Blood 

1. Quantitative Changes in Blood Chemistry 

Che methods used in studying the blood chemistry of these patients are 
standard procedures which can be found for the most part in the book, 
Laboratory Methods of the U. S. Army (Simmons and Gentzkow, 1946). 
[xcept for the definite changes noted in case 3, the results of the rather 
limited studies do not signify a serious disturbance in the chemistry of the 
blood of these patients. Where deviations from the norm occur, the changes 
are small and the significance is dubious. However, when the data from all 
patients are collected in a single chart (page 441), certain conclusions can 
be drawn concerning the change or lack of change in the blood chemistry 
in persons receiving large doses of radiation 

a. Sodium and chloride ions 

A slight fall in serum sodium and low level for whole blood chlorides oc 
curred in case 3. The slight and questionably significant drop in the sodium 
level was evident during the first few days of the illness before large quanti 
ties of fluid and electrolytes were lost as a result of gastric suction. The 
blood chlorides decreased during the last few days of the illness despite 
efforts to maintain the normal electrolyte level by parenteral saline adminis 
tration. In the other patients, the studies of serum sodium and blood 
chlorides were insufficient to permit a good evaluation of the true state of 
the electrolyte balance Nevertheless, there appeared to be no significant 
change in these patients, as is shown by the normal chloride level of cases 
+ and 6, and the low normal values for serum sodium in the same patients 
during the first few days after exposure 

The observation of decreased serum sodium in case 3 is unlike that ob- 
tained in recent studies of irradiated rats, in which retention of sodium in 
the blood and tissues was observed (Bennett, Bennett and Howland, 1949-a) 
Studies on patients receiving radiation therapy, however, show decreased 
blood chlorides even though chloride retention in tissues occurs (Dunlap, 
Warren, 1942) Similarly, a progressive decrease in blood chlorides and 
sodium often may be demonstrated during the first few days after injury in 
thermally burned patients (Harkins, 1942) 

Disturbances in body sodium of the most severely injured patient in the 
present series are not unexpected in view of loss of intestinal fluids and the 
extensive adrenal damage which is known to have occurred. The rather 
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slow fall in serum sodium in case 3, however, is unlike the immediate drop 
in chlorides, and presumably sodium, noted in the general adaptation syn- 
drome or alarm reaction, which occurs as a result of many nonspecific 
stimuli of which roentgen-rays are allegedly one (Selye, 1940, 1946). 


b. Calcium 

The calcium content of the blood was studied only during the terminal 
phase of the illness of case 3. A decreased calcium value is usual in a 
patient with uremia of this degree. It is undoubtedly the result of phos 
phorus retention which, although not measured, must have been a conse 
quence of the impaired renal function in this patient 

c. Non-protein nitrogen and urea 

Severe nitrogen retention was observed in case 3. This was compatible 
with the degree of kidney damage seen at autopsy. In case 1, however, the 
only determination of blood urea gave a value at the upper limit of normal 
on the fourteenth day. One can only speculate as to whether azotemia 
occurred in the terminal week of life of this patient. In view of the good 
output and continued high specific gravity of the urine and the absence of 
significant kidney lesions at autopsy, it seems unlikely that true or even ex 
trarenal nitrogen retention of a serious degree occurred in this patient. The 
determinations of blood urea and non-protein nitrogen on the survivors of 
the second accident were done often enough to indicate that azotemia did 
not occur, 

Increased excretion of non-protein nitrogen in the urine after abdominal 
irradiation of dogs was first demonstrated many years ago (Hall and 
Whipple, 1919). The animals which received lethal doses of x-rays usually 
showed no elevation of the blood non-protein nitrogen until shortly before 
death. Recent studies on dogs subjected to lethal doses of total-body irra- 
diation indicate an actual decline in blood non-protein nitrogen until 48 
hours before death, when a pronounced rise occurs (Prosser, Painter and 
Swift, 1947-b) In contrast to the delayed nitrogen retention observed 
in the terminal stages of injury by ionizing radiation, patients with severe 
thermal burns may show an elevated blood urea within several hours after 
injury (Medical Research Council, 1944). 

\s pointed out previously, the mild negative nitrogen balance shown by 
thermally burned patients (Section \V ) is not believed to be due to enhanced 
excretion of breakdown products of protein but rather to reduced caloric 
intake In irradiated dogs, on the other hand, the negative nitrogen balance 
is presumed to be due, in part, to increased tissue breakdown. In case 3, 
the disproportion between the non-protein nitrogen and urea on successive 
days is interesting, since observations on irradiated dogs indicate that during 
the terminal azotemia the ratio of these nitrogen fractions is unchanged 
(Prosser, Painter and Swift, 1947-b). In patients with thermal burns, 
however, an increase in the non-urea nitrogen fraction of the blood similar 
to that in case 3 is said to be not uncommon (Taylor et al., 1943). One ot 
the non-urea fractions responsible for the azotemia is called “residual nitro 
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gen.” This substance has not been characterized completely, but an idea 
of its composition can be gained from the fact that it breaks down on 
hydrolysis to form amino-nitrogen and amido-nitrogen 

d. Uric acid 

\ terminal increase in the blood level of uric acid was noted only in case 
3. No attempt was made to follow the amounts of uric acid excreted in 
the urine, which might have given a better indication of a disturbance in 
purine metabolism. An increase in amount of urinary uric acids has often, 
but not invariably, been reported to occur in patients following radiation 
therapy (Pohle and Sevringhaus, 1930). In dogs which had received a 
lethal dose of x-rays, a terminal rise in urinary uric acid was observed, but 
in these same animals, no significant change was noted in the excretion of 
allantoin (Schwartz, 1949) 

e. Total and fractionated serum proteins 

rhe quantitative data for total and fractionated serum proteins in the 
present series of patients are difficult to interpret. There is no obvious 
trend or change in pattern. All of the patients injured in the second acci 
dent showed an increased value for serum proteins on the eighth day after 
exposure, due to an elevation of the globulin fraction. This observation was 
not confirmed immediately, so it is not possible to be certain that this repre- 
sents a true increase. 

Data gained from the study of irradiated dogs indicate that a slight 
decline occurs in the plasma protein level during the first week after exposure 
(Prosser, Painter and Swift, 1947-b). In dogs receiving more than 300 
roentgens of x-rays, a rise up to 15 per cent of the total circulating proteins 
occurred during the second and third weeks. Those animals which died 
showed a terminal decline in protein values following the initial rise. The 
infrequency of the protein determinations in the present patients makes it 
impossible to ascertain whether such a biphasic response occurred 

In patients with thermal burns, an increase in serum proteins may occur 
within the first few hours after injury (Cope et al., 1948). Later, the pro 
tein level may fall below normal values, particularly in cases receiving in 
adequate therapy in the form of transfusions of whole blood or plasma 

2. Electrophoretic Pattern of Plasma Proteins 

Phe electrophoretic pattern of five heparinized blood samples from these 


patients was determined in a Tiselius apparatus (Tiselius, 1937), using the 


Schlieren scanning technic (Longsworth, 1939). The resultant ascending 
patterns of the patient’s plasma proteins, as well as those of six control 
samples, were analyzed by measuring with a planimeter the area under each 
peak in the curve. The proportion of protein in the albumin fraction and in 
each of three globulin fractions is shown in the accompanying table (page 
444). Significant changes in the plasma proteins were found only in case 3 
Here the plasma albumin level diminished, while an increase in the alpha 
globulin fraction occurred. This change in the electrophoretic pattern is 
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shown in figures 18 and 19. Minor changes of questionable significance 
were also found in the electrophoretic patterns of case 6. 
‘hanges have been described in the electrophoretic pattern of plasma 


in dogs given large doses of x-rays (Muntz, Barron and Prosser, 


all 


Descending 


prot ms 





Ascending 


Fic. 18. Normal human plasma protein pattern 


| 


Descending 


Ascending 

19. Plasma protein pattern of case 3 seven days after exposure 
1949). These changes consisted of an increase in the alpha globulin frac 
tions of the plasma and a diminution of the albumin fraction. The increase 
in globulin coincided in time with the development of fever in severely injured 
animals. A similar change in the electrophoretic pattern has been observed 
in dogs poisoned with sulfur mustard (8-8-dichlordiethyl sulfide) and in 


jured in other ways, including thermal burns (Gjessing and Chanutin, 
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1946; Chanutin and Gjessing, 1946). A marked increase in the alpha 
globulin fraction has also been observed in human beings with pneumonia 
and other febrile diseases ( Blix, 1939). 

It seems probable that the changes in plasma protein observed in case 3 
are not specific for radiation damage. It has been suggested that the close 
resemblance between the protein changes in severe bodily injury and in acute 
febrile infections may indicate that the reaction of the plasma proteins to 
injury is related to adrenal stimulation and protein catabolic response 
(Luetscher, 1947). 

It should be pointed out that the electrophoretic method of analyzing 
proteins is more accurate and reproducible than the “salting out” method 
usually used in fractionating proteins (Luetscher, 1947). The results de 
termined by this method are undoubtedly more reliable than the protein 
fractions and albumin: globulin ratios reported in the table (page 441) 

3. Summary 

Omitting the first two cases from the discussion because of inadequate 
study, the changes in blood chemistry may be summarized by saying that 


Sl 


mificant abnormalities were demonstrated only in case 3, and even here 
were not of a sufficient degree, in themselves, to be the immediate cause of 
death These changes consisted of a gradual fall in serum sodium and 
whole-blood chlorides, a slight elevation of uric acid, a terminal rise in nitro 
gen associated with a depressed calcium level, and a modification of the 
plasma protein (decreased albumin and increased alpha globulin fraction). 
Such changes are consistent with those noted in animals given lethal doses 
of ionizing radiation. The limitations of this study are such that minor 


variations in the blood chemistry in the survivors probably would not have 


been detected 


B. Chemistry of the Urine 

Except for small aliquots used for clinical microscopy and radioactivity 
studies, all of the urine collected from the patients involved in the second 
accident was sent to the Argonne National Laboratory in Chicago for 
analysis. The 24 hour pooled samples under toluene were sent via air 


express after careful packaging and refrigeration with dry ice. In all in- 


stances, however, the dry ice had evaporated by the time the samples reached 
Chicago, so that the urines were unchilled at least part of the time in transit 
Upon being received at the Argonne Laboratory, quantitative analyses of 
the corticoid-like substances, urobilinogen and porphyrins were undertaken 
promptly. The remainder of the urine samples were stored in an icebox at 
40° F. Analvsis of urinary amino acids was started one year later, and 
determinations of potassium content of the samples were made three years 


later 
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1. Corticoid-like Fraction * 

Studies of the urinary corticoids are of interest because abnormalities 
in quantity may indicate dysfunction of the adrenal cortex such as is known 
to occur after trauma or other forms of stress (Selye, 1940, 1946). Ab- 
normally large quantities of corticoids have been shown to be excreted by 
patients who have been operated on or who have suffered severe thermal 
burns (Shipley et al., 1946). In one thermally burned patient of that series, 
the urinary corticoid level was elevated for more than 12 days. Chemical 
studies of corticoid-like urinary extracts also have shown increased excre- 
tion levels in patients with thermal burns (Talbot et al., 1945). Investiga- 
tion of neutral 17-ketosteroid excretion which, although a poor measure of 
adrenal activity, is nevertheless influenced by adrenal cortical function, also 
brings to light some interesting abnormalities in patients with thermal burns 
(Aub et al., 1943). Thus an increased excretion of neutral 17-ketosteroids 
occurs from three to seven days after injury, following which the urinary 
content of this steroid falls precipitously to low normal or subnormal levels. 
The duration of the depressed 17-ketosteroid level is said to be correlated 
with the severity of the injury and the period of convalescence (Aub et al., 
1943). A recent report indicates that patients with ankylosing spondyl 
arthritis show an increased 17-ketosteroids excretion after receiving x-ray 
treatment (Davison, Koets and Kuzell, 1949). Irradiated dogs also are 
said to show an initial increase in urinary 17-ketosteroids, followed by a fall 
to subnormal values five to 12 days after exposure (Lawrence, 1949). 

The investigation of corticoid-like materials in the urine of the present 
patients was patterned after the colorimetric method of assaying urinary 
extracts (Talbot et al., 1945). This method employs the measurement of 
the reducing properties of a ketonic water-soluble lipid component of urine 
which is believed to be composed largely of the corticosteroids. Circum- 
stances did not permit complete extraction and purification of the corticoid 
fraction of the urine samples in the present series of cases. Also, the pro- 
cedure was modified somewhat from that originally reported, in that spectro- 


photometric analysis rather than colorimetric assay was used for the quan- 
titative determination of the excretion products. The method of separation 
of the corticoid-like fraction consisted, in brief, of extracting urine aliquots 
several times with chloroform and benzene. The crude extract was not 


* Since the terminology in the field of adrenal cortical hormones has not been agreed 
upon, it seems advisable to define the terms as they are used in this article. The following 
definitions have been suggested by Dr. L. L. Engel (personal communication). The term 
cortin refers to adrenal cortical extracts which have the “total” biologic activity of the 
adrenal cortical hormones. Corticoid, on the other hand, is applied to urinary extracts 
which have “some” of the biologic properties of cortin. The tautologic term corticoid-like 
is used to describe those urinary substances which are presumed to be corticoids because of 
similar chemical and physical properties, but which have not been identified by biologic 
assay methods. Corticosteroid refers to the cortical hormones, the chemical structure of 
which is known, ¢.g., corticosterone, compound E, etc. (See Fieser and Fieser, 1949, 
for a discussion of the chemistry and physiological properties of the adrenal cortical 
hormones. ) 
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separated further into ketonic and nonketonic fractions. Its absorption pat- 


tern in methanol was determined by use of a Beckman spectrophotometer. 


The ultraviolet absorption pattern from 220 to 340 mz (millimicrons) 


of the crude extract of several selected urine samples is shown on this page. 
It is evident from this graph that there is an increase in specific absorption 
in the region of 230 mp in the urine extract of case 3 and of a thermally 
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burned patient. In other samples from severely injured patients of the 
present series, not shown on this graph, there was a plateau or actual 
peak at about 230 mz, similar to that noted in case 3. The adrenal cortical 
hormones, e.g., corticosterone, show specific absorption in this region of 
the ultraviolet spectrum due to the presence of alpha, beta unsaturated 
ketones in their chemical structure (Fieser and Fieser, 1949) Secause 
of the method of extraction, it seems possible that the absorbing materials 
measured in this study are composed, at least in part, of the corticoid-like 








436 H. HEMPELMANN, H. LISCO, AND J. G. HOFFMAN 


water soluble reducing substances measured by the colorimetric method of 
lalbot.* 

In an effort to show the disturbance in the absorption pattern in the 
230 mp region, figures are given on the composite chart (pages 443 and 444) 
and in individual case histories to indicate the slope of the curve from 220 to 
240 mp (a) and from 240 to 260 mz (b). The greater the absorption at 
230 mp, the steeper will be the slope from 240 to 260 mp, or the larger is 
the ratio of 240/260. Similarly, abnormalities in the curve will be re 
flected in the ratio a/b. No effort is made to express the absolute amounts 
of absorbing material 

I’xamination of the composite chart indicates an increase in absorption 
it 230 mp» for cases 1, 3, 4 and 6. This increase was most marked in the 
single urine specimen of case 1 obtained shortly before death. In case 3 it 
was less marked and inconstant, falling almost to normal on the second and 
again on the eighth days after exposure. In this case, however, as well as 
in cases 4 and 6, the greatest increase occurred between the fifth and seventh 
days after exposure Disturbance of absorption in the 230 mp region was 
still observed in the urine of case 6, obtained three weeks after the accident 
In contrast to the observations on these patients, the absorption pattern of 
the urine of the less heavily exposed patients (cases 7 to 10) was normal 
Studies in these latter cases, however, were limited to one determination on 
urine samples passed immediately after the accident. It is possible that 
observations on later specimens might have shown an abnormal ultraviolet 
ihsorption curve 

It must be emphasized again that the ultraviolet absorbing substance 
measured in these studies may not be a single compound, and that there is 
only circumstantial evidence indicating that it is similar to the reducing 
substance measured by colorimetric assay It seems possible, how« ver, that 
the two substances are similar in nature or at least are composed of some of 
the teroid The reducing substance measured colorimetrically by 


falbot has been found to be elevated in patients with adrenal hyperfunction 


ind is believed, therefore, to be composed of corticoids It might be ex 


pected that the excretion of increased amounts of the material which absorbs 
light at 
idrenal cortex This would fit in with the Selve concept of the adaptive 


> 
reaction of the body.4 Che terminal decrease in case 3 in the excretion of 


230 my in these cases also was the result of hyperactivity of the 


patient receiving ACTH, strong absorption in tl 30 m# region has beet 

oO ated in the chloroform soluble fraction of the urine Engel, personal con 
municatior However, an increase in other steroids containing the alpha beta unsaturated 
conhguration, testosteror tor exan ple if excreted could also be re sponsible for the ab- 
n | rn noted in the present cases. In the absence of more specific chemical data, 

u I orbing substances were corticoids because of the 


! I n syndrome or alarm reaction caused by 
as been clearly described, and its association with hyper 
adrenal cortex has been stressed (Selye, 1940, 1946). More 
ave been cc rrelated with the release ot adrenocortical hor 
t and Reifenstein, 1948 As this hypothesis helps to explain 
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this substance, if it is a corticoid, would be expected in view of the clinical 
circulatory collapse of this patient. There was no evidence in these studies 
to indicate late adrenal hypofunction, which some of the clinical symptoms 
of case 4+ (asthenia and salt hunger) might suggest. 

2. Urobilinogen 

Although admittedly not a specific test for liver damage, the quantitative 
studies on urobilinogen excretion were used in this study as an index of liver 
function (Watson, 1942). Increased excretion of urobilinogen is also 
found in conditions other than liver injury; for example, abnormal amounts 
of fecal urobilinogen (as well as a less marked elevation of urine urobilino- 
gen) are found in patients with enhanced hemolysis (Steigmann and Dynie 
wicz, 1943). 

The method employed for determination of urobilinogen in urine was 
that devised by Schwartz, Sborov and Watson (1944). Before the results 
of these determinations are considered, it should be pointed out that all values 
in the present study may be low because of improper preservation of the 
specimens. Taking the figures at their face value, however, it is evident that 
abnormally high urobilinogen excretion was detected only in cases 3 and 4 
The elevation in case 3 presumably occurred as a result of terminal liver 
failure (and possibly hemolysis). The urobilinogen level in case 4 was 
high only on the sixth day after exposure. Although no quantitative de 
terminations were done in case 1, dilution tests and the incidental observa- 
tion of strong absorption in the ultra-violet spectrum at 490 my (noted in 


the study of the urorosein content of a urine sample two days before death) 
suggest that the urobilinogen excretion also was high in this patient. 


the urinary corticoid-like findings in this part of the chemistry discussion, it is reported 
briefly here: The adrenal cortex normally secretes, among others, two types of steroid 
hormones: (1) the nitrogen or “N” hormones, and (2) the sugar or “S” hormones. The 
“N” hormones which have testosterone-like properties and which are excreted in the urine 
as 17-ketosteroids, stimulate the synthesis of protoplasm. The “S” hormones, which have 
a profound influence on fat and protein, as well as on carbohydrate metabolism, supposedly 
inhibit anabolism. Thus, the action of these two hormones is, in part, antagonistic. The 
S” hormones are composed of 11-oxy-corticosteroids, the metabolic products of which are 
presumed to have been measured in the urine of the patients of the present series, as well 
as in those mentioned in the literature (Shipley et al., 1946; Talbot et al., 1945). 

The Albright hypothesis of the mechanism of the adrenocortical response to injury sug- 
gests that, following body trauma of any kind, release of both the “N” and the “S” hormones 
takes place. The increase in production of the “N” hormones is of a temporary nature and 
is soon followed by a decrease which lasts until convalescence is nearly completed. The 
resultant excretion of 17-ketosteroids, then, is first increased and later diminished to sub- 
normal levels. The enhanced production of “S"” hormones persists until convalescence, 
thereby accounting for the increased urinary excretion of 11l-oxy-corticosteroids which 
Albright believes the urinary corticoids to be. This imbalance of adrenal cortical func- 
tion with excessive secretion of “S"” hormone, according to Albright, may account for the 
following symptoms noted after injury; leukocytosis, atrophy of lymphoid tissue, insulin 
resistance, muscular weakness, retarded growth and decreased synthesis of protoplasm in 
general. The adrenal response, as well as it can be reconstructed from the data in these 
cases and in irradiated animals, conforms to the general overall pattern described by Selye 
and Albright. The reader is cautioned, however, against placing too much emphasis on any 
single type of response of this nature; rather, one must keep in mind the numerous direct 
and indirect factors mentioned in Section IV in order to understand the complete clinical 
picture of the acute radiation syndrome 
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lt should be emphasized again that, in evaluating the urobilinogen de- 
terminations, one must keep in mind the probable destruction of this com 
pound in the urine specimens due to lack of refrigeration. Therefore, mini 
mal changes in liver function probably would not have been detected 
Nevertheless, terminal liver failure and the associated increase in excretion 
of urinary urobilinogen observed in the fatally injured patients are con 
sistent with the data obtained from dogs given lethal doses of x-rays 
(Schwartz, 1949), and with the observations in Japanese patients of in 
creased urinary urobilinogen (as shown by qualitative tests) and other 
laboratory evidence of liver dysfunction (Medical Report of Joint Com 
mission, Section 2 The questionable temporary increase in urobilinogen 


and possible associated liver dysfunction in case 4 are also compatible with 


the observations on dogs given sublethal but large doses of x-rays (Schwartz, 
1949) 

In thermally burned patients, increased excretion of urobilinogen may 
also occur during the first few days after injury ( Medical Research Council, 
1944) 

3. Porphyrins 

Disturbance in porphyrin metabolism is found in a number of apparently 
unrelated diseases; thus, increased amounts of urinary porphyrin may be 
found in patients suffering from liver disease, certain types of anemia, metal 
poisoning, febrile diseases of various types or congenital porphyrinuria 
(Watson and Larson, 1947). Of the two naturally occurring isomers of 
coproporphyrin, Type | predominates in normal urine, while either isomet 
( Type L or Type II] ) may appear in abnormally large quantities in the above 
mentioned diseases. Usually the Type III isomer predominates in the urine 
of patients with metal poisoning and with chronic liver disease. 

\ quantitative fluorimetric method of determination was used to study 
the urinary porphyrins of the present patients (Schwartz et al., 1947-a). 
It is apparent from the examination of the data in the composite chart 
(page 442) that the upper range of normal coproporphyrin (4 to 9 micro 
grams per cent or 30 to 100 micrograms per day) was exceeded in the single 
specimen from case 1. Also, increased porphyrin excretion was found in 
the urine passed by case 3 after the fifth day following exposure, and in the 
urine samples passed on the second and fifth days by case 4. In practically 
all urine samples from the other patients involved in the second accident, the 
levels of coproporphyrin were within the limits of normal. The only in 
stances of depressed urinary coproporphyrin were found in the first two 
specimens of case 3, passed within 12 hours after exposure. Only two urine 
samples were fractionated into porphyrin isomers. In each case, Type III 
coproporphyrin predominated. Thus, in the urine sample of the first day 
of case 3, 77 per cent of the total porphyrin was Type III, while in pooled 
samples of the urine passed by case 4 during the first 12 days, 95 per cent 
of the pigment was Type ITI 
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The terminal elevation in the level of the urinary coproporphyrin of the 
fatally injured patients is consistent with the observations on dogs given 
lethal doses of x-rays (Schwartz, 1949). It has been postulated that liver 
failure is responsible for the late increase in excretion of coproporphyrin. 
In heavily irradiated dogs the terminal increase is preceded by a depression of 
urinary porphyrin. This response, which could be due to the inhibition of 
erythropoiesis noted histologically, also occurred in case 3 

4. Urorosein 

Urorosein is a red pigment formed in strong acid solution by the oxida- 
tion of indolacetic acid, a tryptophane metabolite excreted in the urine 
The urorosein content of the urine specimens of these patients was de 
termined using a procedure the exact details of which are given elsewhere 
(Schwartz, 1949). Relatively slight changes in urorosein and other pig 
ments were found only in the two fatally injured patients. Since the urinary 
urorosein content seems to be related to the nutritional state, it is not sur- 
prising to find only mild changes in the excretion of this compound in these 
acutely ill patients who were previously in good health. In contrast, a 
marked increase in urinary pigments after irradiation has been observed in 
chronically ill patients who were undernourished at the time of radiation 
therapy (Schwartz, 1949) 

5. Amino Acids 

A quantitative determination of the individual amino acid content of 
the urine samples was made by paper partition chromatography according 
to the scheme developed by Dent (1946-b). The individual amino acids 
were identified by comparing their positions on filter paper with those of a 
synthetic mixture of pure amino acids studied simultaneously with the same 
solvents. A rough quantitative estimate was made by matching the intensity 
of the color of the ninhydrin reaction used to demonstrate the presence of 
the urinary amino acid with that of known amounts of pure amino acids 
\lthough these studies were carried out on urine samples which had been 
kept for more than a year at 40° F., the consistent results of determinations 
made on the same specimens over a period of several months suggest that 
no marked loss of amino acids had occurred. 

Studies of the amino acids in the urine of normal persons by partition 
chromatography show measurable quantities of glycine and alanine, as well 
as traces of leucine and valine (Dent, 1946-a). The analysis of the urine 
of healthy people used as controls in the present study largely confirms this 
finding. However, in addition to the four amino acids already mentioned, 
traces of taurine were noted consistently and, occasionally, small amounts 
of other amino acids were detected in highly concentrated urine samples 
In contrast to these findings in normal subjects, many amino acids were 
demonstrated in considerable quantities in the urines of cases 3 and 4, and 
in a single specimen from case 1. In these cases the following amino acids 
were identified: cystine (as cysteic acid), aspartic acid, serine, glycine, 
taurine, alanine, valine, leucine, hydroxyproline, arginine and phenylalanine 
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Two amino acids were not completely identified but may have been alpha- 
amino-n-butyric acid and tryptophane. 

The quantities of individual amino acids in the urine specimens of the 
heavily irradiated patients following exposure varied from traces to 3 mg 
of taurine per milliliter of urine in the sample passed by case 1 the day 
before his death. In cases 3 and 4, whose urinary output of amino acids 
was closely followed, the pattern of excretion was similar. In each case, 
abnormal amounts of amino acids were observed in the urine sample col 
lected during the first day following exposure. The degree of amino-aciduria 
increased, reaching a peak on the sixth day after exposure in both cases 
he amount of urinary amino acid was diminished in the specimen of the 
ninth day of case 4 \fter the twelfth day following exposure, the amino 
icid content of his urine decreased rapidly, although traces of abnormally 
occurring amino acids were still evident during the fourth week after ex 
posure. Besides the sustained amino-aciduria in these two patients, an 
inconsistent increase of individual amino acids was noted in the other sur 
vivors of the second accident shortly after exposure. Thus, measurable 
quantities of four amino acids were demonstrated in the sample of case 8 
six hours after exposure 

he amount of amino acids excreted in the urine of normal persons de 
pends largely on the diet and on other factors in patients suffering from 
certain diseases. In healthy persons it has been shown by microbiologic 
assay that, of eight amino acids studied, 2 to 6 per cent of the total quantity 
ingested as protein was excreted in the urine (Sheffner, Kirsner and Palmer, 
1948). A marked increase in the quantity of urinary amino acids has been 
demonstrated in a patient with liver damage (Uzman and Denny-Brown, 
1948) and in patients with Fanconi’s syndrome (Dent, 1947). Inthe former 
case, the inability of the damaged liver to deaminate plasma amino acids, 
or possibly a deficiency in the basic amino acid metabolism, was assumed 
to be the most likely cause of the amino-aciduria; in Fanconi’s syndrome, on 
the other hand, a lowered renal threshold for amino acids and other plasma 
constituents has been demonstrated to be the probable etiologic factor. In 
neither instance was the degree of amino-aciduria so marked as in the pres 
ent cases. In contrast to that observed in these pathologic states, amino 
aciduria has not been observed in patients with thermal burns (Taylor et al., 
1943-b) 

The significance of the amino-aciduria in these patients with the acute 
radiation syndrome is not entirely clear. There is no reason to suspect a 
lowering of the renal threshold for clearance of amino acids, as has been 
shown to occur in the hereditary disease, Fanconi’s syndrome. There is 


also experimental evidence which indicates that there is no defect in the 
ability of the liver of irradiated animals to deaminate amino acids or to in 


ii 


corporate them into liver protein. Thus, irradiated liver slices of mice were 
found to produce ammonia at a greater rate than normal (Crabtree, 1936) 
\lso, the livers of irradiated mice and rats studied by in vitro as well as in 
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vivo procedures show an enhanced ability to incorporate tagged amino acids 


into protein (Altman et al., 1949; Hempelmann et al., 1950). These latter 
studies indicate that the skeletal muscle of irradiated animals has a decreased 


ibility to incorporate amino acids into protein. Other experiments have 


demonstrated a partial inhibition of amino acid oxidation in the kidneys of 


Cuart or B 





the normal range 


vy ionizing radiation (Barron, 1946 Such defects in 
amino acid, combined with the enhanced degradation of protein 
ead and dying cells, may be presumed to be responsible for the amino 


served in these patients 
idies of urinary potassium were carried out in the urine 


samples of cases 3 and 4 three years after the accident 
is impossible to draw definite con 


Since the potassium 


f patients is not known, it 
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clusions about their potassium balance. However, the potassium excretion 
in case 4 was higher than that usually observed in healthy persons on a 
normal diet. The urinary potassium of case 3, however, was elevated only 
in the specimen of the sixth day following exposure specimen. 

Although a high potassium intake could account for the elevated urinary 
level in case 4, the loss of weight in this patient suggests that the increased 
excretion was related, at least in part, to cellular breakdown. (See Section 
V.) His weight loss, about one pound a day, if due solely to breakdown 
of tissue, would be responsible for a daily output of 50 mEq. of urinary 
potassium. Since the caloric intake of this patient was not seriously reduced 
except during the first day and again from the fifth to the tenth days, it 
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Composite CHART OF URINE CHEMISTRY—Continued 
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Days After Volume | Specific 
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** Three days before death 

*** Dav of death 


seems possible that at least some of the urinary potassium can be accounted 
for by degradation of protoplasm 

In thermally burned patients, the potassium balance is maintained except 
for a transient negative phase shortly after injury (Moore et al., in press) 
There is no correlation in cases of thermal burns between the potassium and 
the nitrogen balance. The latter is often negative for several weeks after 
injury 

7. Summary 

[he more heavily irradiated patients showed an increased excretion 
of a urinary substance or substances which have certain of the properties 
of corticoids and which are referred to arbitrarily as “corticoid-like.” In- 
creased amounts of coproporphyrin (mainly Type III) and urobilinogen 
were found in the urine of case 3, presumably as a result of liver damage 
Mild transient changes in the excretion of porphyrin and urobilinogen of 
questionable significance were found in case 4. Minor changes in urinary 
urorosein were observed in cases 1 and 3. Amino-aciduria, presumably 
due to a decreased utilization of amino acids and possibly to increased protein 
breakdown, was pronounced in cases 1, 3 and 4. The potassium excretion 
of case 4+ was higher than that usually observed in healthy people on a normal 
diet 
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One of the most interesting and characteristic observations made on this 
> 
Be 


series of patients is the neutron induced radioactivity of their tissues 
sides being a unique observation in itself, the study of the induced activity 
proved to be of great value in computing the radiation doses. Because of the 
mportance of neutron induced activity, and because the neutron doses ac 
ounted for most of the energy dissipated in the bodies of patients, the prob 
with tissue will be considered briefly. A more 


lem of inter: 


raction of neutrons \ 
thorough discussion of the problem can be found in articles by Zirkle (1947) 


and Mitchell (1947-a), as well as in any of the recent textbooks on nuclear 
physics, e.g., Lapp and 1948 
Interaction of ast Neutrons and 7 


When neutrons interact with tissue, several kinds of nuclear reactions 
such reactions occur, however, the fast neutrons are 


\ndrews, 
ssue 


A 


take place Before 

usually slowed down by collisions with atomic nuclei, chiefly with those of 

Che nuclei involved in such collisions are knocked out of 
These electrically charged 

produce short but 

to chemical 

This 


hydrogen atoms 
molecules and stripped of their orbital electrons 

which recoil at high speeds, 
The ionization leads 


Section IV 


tons 


( prot 
tracks in the tissu 
1 the manner described in 
onization by recoil protons accounted 


hvdrogen nuclei 


ionization 
he protoplasm i1 


rs 
‘hanges in t i 
mechanism of energy transfer through i 
for almost half of the total energy dissipated in the bodies of most of these 


patients 


B. Interaction of Slow Neutrons and Tissue 
\fter a number of collisions the speed of the neutrons is greatly reduced, 
Atoms differ 


ind they are easily captured by the nuclei of tissue atoms 
Since these dose calculations were ma le, additional studies on the inte raction of slow 
neutrons with the body have been published (Tait, 1950; Snyder, 1950) 
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greatly in their ability to capture slow neutrons and in the nuclear trans- 
formations which result. The following three types of nuclear reactions 
predominate in a tissue subjected to slow neutron bombardment. 

l. The (n, P) Reaction 

Some atomic nuclei (mainly nitrogen in the case of aqueous tissue) give 
off energetic protons after capturing a neutron. The protons produce tissue 
damage in the same way as do the recoil protons which result from the 
collisions between fast neutrons and hydrogen atoms. Ionization from this 
type of nuclear reaction (called the (n, p) reaction, or neutron-in, proton-out 
reaction) constituted only about one-quarter of the total ionization which 
occurred when the body of the patients was bombarded with fast neutrons 

2. The (n, y) Reaction in Hydrogen 

Other nuclei emit energetic gamma rays upon capture of neutrons. The 
(n, y) or (neutron in, gamma ray out) reaction occurs mainly in tissue 
hydrogen. Capture by hydrogen is the ultimate fate of the vast majority 
of neutrons which enter the body. The gamma rays emitted as a conse- 
quence of the reaction are very hard (2.2 million electron volts). After 
emission of the gamma ray, the hydrogen nuclei which have captured 
neutrons are transformed into deuterium, the heavy stable isotope of hydro 
gen. Gamma radiation from neutron capture in hydrogen contributes 
heavily to the total radiation dose of man or large animals irradiated by 
neutrons. In most of the present cases it accounted for about one-quarter 
of the total dose. 

3. The (n, y) Reaction in Elements Other than Hydrogen 

\ third class of atomic nuclei becomes radioactive as a result of inter 
action with neutrons. Chlorine, sodium, phosphorus, potassium and sulfur 


are the principal elements in tissue which undergo such a reaction with the 
formation of radioactive isotopes. The intensity of activation decreases in 
the order of the elements named. The way in which such radioisotopes can 


be used in computing the neutron dose is discussed below. 

All of the above nuclear reactions occur in the body during neutron 
bombardment, and the chemical changes that take place in the ionized (or 
excited) atoms are responsible for the ultimate tissue damage 


Use of Neutron-induced Activity in Calculating Radtation Dose 

The production of radioactive isotopes in the body is of great practical 
importance in this study, since measurable radioactivity of the tissue per- 
sisted for a considerable period of time after exposure of the body to neu- 
trons. Since the quantitative aspects of this type of nuclear reactions are 
reasonably well known, the determination of the induced radioactivity pro 
vides data from which the number of neutrons that entered the bodies of 
these patients could be calculated. In these studies only the radioactivity 
of the serum sodium and phosphorus was determined, and the former was 
used in the calculation of the neutron doses. Radiochlorine, which decays 
rapidly (37-minute half-life), was not studied, for practical reasons. The 
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specific activity, i.e., the ratio of the number of radioactive to stable atoms ot 
sodium and phosphorus in the blood serum and urine of these patients, 1s 


given in the composite tables on pages 450 and 451. It should be pointed 
out that these values are not the only ones that were determined, but they 
have been selected as being the most valid and representative. The decay 
curves of representative blood serum and urine samples are given in the 
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graphs on page 447. In these graphs, the radioactivity measurements de 
termined experimentally are plotted as points to which the theoretic decay 
curves of radiosodium and radiophosphorus (indicated by the straight lines ) 
have been fitted 

The assessment of the whole-body dose due to fast neutrons can be 
made by either of two methods. First, the induced radioactivity can be 
measured in samples of serum and urine. Second, the total induced radio 
activity can be estimated by measurement of the gamma radiation emitted 
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from the be aly as a whole at selected distances. In both methods the induced 
radioactivity is an index of how many slow neutrons existed in the tissue. 
‘rom these data the total radiation dose can be estimated. The first method 
is more accurate but requires a more elaborate measuring system. It has 
heen suggested earlier that the specific activity of serum sodium, so de 
termined, be used as an empiric unit of neutron dose in radiation exposures 
of this type. (See Section II.) The second method employs only a por 


able gamma-roentgen survey meter and can be carried out quickly 


1). Contribution of Radiation from Induced Tissue Activity to Total bod, 
Dose 
Phe radiation dose received by these patients from the induced radio 
activity of their tissues has been mentioned briefly It has been calculated 
that radiation from the radioactive elements themselves could not have ac 
counted for more than 1 per cent of the total dose received by the body 
(Hoffman, 1947). It is probably true that the irradiation of tissues 
udjacent to structures containing large amounts of phosphorus, e.g., bones and 
teeth, was slightly more intense than that from the radioactivity in the soft 
tissues, but it is improbable that the dose was significantly raised even in 
these regions. According to preliminary calculations (Mitchell, 1947), the 
radioactivity induced in bone adds & per cent to the slow neutron dose in 
this tissue Chis would mean an increase of less than 4+ per cent in the bones 
of the present patients. It is certainly true, however, that there was a high 
radiation level around the gold inlays in the teeth of these patients. This 
to be expected since gold atoms are known to have a much larger cross 


section for the capture of slow neutrons than do most elements in the body 


It has been pointed out that a small ulcer was produced in the mouth of 


t 


case 3, presumably by the radiation given off by a gold filling 
IX. Unusual Observations Related to Induced Radioactivity 

I-xamination of the data in the tables on induced radioactivity discloses 
four interesting observations, three of which cannot be explained with cer- 
tainty in the light of our present knowledge. A discussion of these phe- 
nomena follows 

1. The Constancy of the Specific Activity of Serum Sodium 

The specific activity of the sodium in the blood serum of cases 3 and 4, 
if corrected for decay, shows relatively little change in the period lasting 
from 1.2 to 72 hours after the accident Che fall noted in case 6 is probably 
not reliable, since the late determinations were made on samples which had 
1 counting rate of less than twice background. Thus, equilibrium must 
have been established quickly between the inert sodium and the radioactive 
isotope. The lack of change in the specific activity of the serum sodium 
indicates that this radioisotope could not have been selectively excreted by 
the kidneys; therefore, it presumably existed in the chemical state normally 


\ 


found in the body This observed rapid equilibration of radiosodium is 
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consistent with animal studies of the fate of intravenously injected radio 
sodium chloride (Manery and Bale, 1941 ) These investigations show that 
radiosodium diffuses quickly into most tissues, equilibrium with the normal 
isotope being established within 20 minutes after injection. In certain 
other tissues (bone, brain and testes) the penetration of sodium is slower 
and is not complete for 12 hours. Since radiosodium was produced simul 
taneously in all sodium compartments of the present series of patients, it is 
easy to understand how a constant specific activity in serum sodium was 
established so promptly. The constancy of the specific activity of the serum 
sodium makes it the logical measurement to use as a basis for neutron dose 
computations 

In contrast to the rapidly mixing radiosodium, other radioactive elements 
injected into the body equilibrate more slowly with the stable isotopes in the 
tissues. For example, radiopotassium does not reach equilibrium with the 


body potassium until 36 hours after subcutaneous injection (Moore, 1946) 
2. The Unexpectedly High Specific Activity of Urine Sodium in Case 3 


The specific activity of the sodium was higher in the urine sample of 


case 3, voided immediately after exposure, than that measured in the serum 
rhis was not the case, however, in the other patients whose urine was simi 
larly studied. This phenomenon cannot be explained in the same way as 
the increased specific activity of urinary phosphorus, discussed in the next 
paragraph. It seems likely that the high sodium specific activity in the 
early urine sample of case 3 was the result of direct neutron irradiation of 
urine present in the bladder at the time of the accident. The severe reaction 
of the lower abdomen of case 3 is evidence of the intense irradiation of this 
part of the body, so it is clear that the bladder urine must have been heavily 
bombarded by neutrons. This explanation fits the facts of the case, although 
evidence in favor of it is admittedly circumstantial, for the radioactivity of 
urine samples passed after the first few hours was not studied 

It should be pointed out that the use of the specific activity of urinary 
sodium rather than serum sodium in neutron dose computations would not 
have changed the doses significantly except in case 3, whose dose would have 
heen raised by a factor of 3.4. 
3. The Inequality of the Specific Activity of Serum and Urine Phosphorus 

rhe specific activity of phosphorus was higher in the urine than in the 
blood serum in all cases. In case 3 the specific activity of the urinary 
phosphorus was 17.9 times higher than that in the serum. In all other cases 
the radioactivity of urinary phosphorus was easily measurable, while that in 
the serum was at the background level. A similar disproportion in the 
specific activity of urinary and serum phosphorus has been observed in 
neutron irradiated animals (Perley, Langham and Hoffman, unpublished 
data). The inequality of the specific activity of phosphorus in these two 
body fluids suggests that the radiophosphorus in the blood existed in a 
chemical form that was more efficiently excreted by the kidneys than was the 
major part of the inactive serum phosphorus. The chemical form in which 
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radiophosphorus exists after nuclear bombardment of tissue is not known, 
but the reaction discussed below suggests a mechanism by means of which 
it might be expected to exist in an unusual chemical state. 

Atoms which undergo nuclear reactions become dissociated from the 
molecules of which they forma part. This is known as the Szilard-Chalmers 
reaction (Lapp and Andrews, 1948). When certain organic molecules 
are irradiated in the dry state with neutrons a small fraction of the dis- 
sociated radioactive atoms is re-incorporated into the molecules in the 
original positions ; thus, neutron bombardment of cystine results in the pro- 
duction of a small quantity of this compound containing radiosulfur in the 
usual position (Ball, Solomon and Cooper, 1949). In the case of water 
solutions of phosphorus compounds, an appreciable amount of restitution of 
the dissociated molecules is not expected. The atoms of elemental radio- 
phosphorus produced in the irradiated tissues as a result of the Szilard- 
Chalmers reaction can be expected to undergo chemical oxidation with the 
formation of unknown phosphorus compounds. Some of these radiophos- 
phorus-containing compounds may well be selectively excreted by the kidney 

The rapid selective excretion of radiophosphorus accounts for the low 
radioactivity of the tissues of cases 1 and 3 at autopsy. Radiosodium had 
decayed to an insignificant fraction of its initial activity by the time of death 
of both patients, but physical decay was not responsible for the disappearance 
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ot radiophosphorus, particularly in case 3, where death occurred within one 
half-life of the radioisotope. The marked variation in the specific activity 
of the phosphorus in two body fluids (serum and urine) makes this isotope 
undesirable for use in neutron dose computations 
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Activities of Serum Sodium and Phosphorus Com 
pared wit * Known Neutron Capture Cross Sections of These 
klements 

lhe relative specific activity of serum sodium and phosphorus observed 

in case 3 is not consistent with the physical data concerning their ability to 
capture slow neutrons. Thus, the capture cross section of sodium for slow 
neutrons is known to be 90 times that of phosphorus. This means that 
when sodium and phosphorus are exposed to the same neutron flux in a 
physical experiment, the radioactivity per milligram of the sodium will be 
90 times that of the phosphorus. Instead of following this physical law, 
the specific activity of serum sodium in case 3 ts only 5.6 times as great as 
that of the serum phosphorus Phis single clinical observation is supported 
by a number of simular findings in animals exposed to neutrons (Perley, 
Langham and Hotfman, unpublished data The biologic factors responsi 
ble for this finding are not evident unless one supposes a very rapid transfer 
radiophosphorus from tissues to the blood stream comparable to that from 


the blood stream to the urine 


uct with tisst losing energy through collisions 

hiefly hydrogen The charged recoil protons which 

ult from the collision cause dense ionization and hence tissue damage 
When the fast neutrons have been slowed down they are captured by atomic 
nuclei, and the resultant nuclear reaction may be one of three types: (1) a 


proton may be given off; (2) a gamma ray may be emitted at the time of 


the reaction, an }) a radioactive isotope may be formed, and this decays 


known physical law rhe first two reactions provide 


important means by which the slow neutrons cause tissue damage 
} 
' 


mat rhe third reaction is important because it provides a transient 


measure of the number of slow neutrons which entered the bodies of these 
patients. Four interesting phenomena are discussed: (1) the failure of the 
specific activity of the serum sodium to decrease during the first few days 
uiter exposure; (2 selective excretion of radiophosphorus by the kid 

the high specific activity of the sodium observed in the urine in 

not in the other cases, and (4) the discrepancy between the meas 
ured specific activity and neutron capture cross sections of sodium and 


phi sphor ts 
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IX. PATHOLOGY 


Phe histopathologic observations (although incomplete) have been sum 
marized in the case histories of the fatally injured patients,* and the gross 
protocols are presente lin \ppendix I References to the pathologic changes 
in radiation injury can be found in the review article by Warren (1942 
+3), and in the study of the fatally injured Japanese patients (Liebow, 
Warren and DeCoursey, 1949) The present observations, with few ex 
ceptions, orm to or complement the information in the medical literature 

he effect of radiation on normal tissues in man. This discussion 


attempts to correlate the pathologic findings with the clinical observations 


he postmortem examinations were performed about one hour after 
he examinations were complete in both cases, with the exception 


+} 2 


he neck and the hand tissues in case 3 


cranial cavities ‘organs of 
tissues were fixed in Helly’s fluid, absolute alcohol and 10 per cent 
al formalin, and then embedded in celloidin. The sections were stained 


to Maximow’s hematoxylin-azure Il-eosin method 
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General Features of the Tissue Reaction 


\s a result of the histologic changes observed in these cases, certain 
general statements can be made about the effects of radiation on normal 
tissues. These observations are not new but are presented briefly in order 
to integrate aspects of these cases that have not been discussed up to this time 

] Suppression of Mitoses 

The prompt effect of ionizing radiation in suppressing mitotic activity 
is well known, and the varying rate of recovery of different tissues from this 
effect also has been established. In general, it appears that the cell types 
with high mitotic activity (and presumably short life span) show more 
rapid recovery from this effect of radiation than do the more slowly pro 
liferating, longer-lived cells (Knowlton and Hempelmann, 1949). It is 
not surprising, therefore, to find that considerable recovery of mitotic activity 
in many tissues had taken place in the 24 and 10 days between exposure and 
the time of death in cases | and 3. The incidence of cell division in most 


tissues, although not measured, did not appear to be decreased, except in 


the epidermis and in the bone marrow of case 3. In fact, the mitotic a 
tivity of the lymphoid tissue of case 3 appeared to be even greater than 
normal. Such delayed “overcompensation” of mitotic activity is well known 
(Canti and Spear, 1929) 

When evaluating the significance of the estimates of proliferative rates 
in the tissues of these patients, one must consider certain features of the 
mitotic activity in radiation damaged tissues in particular and in autops) 
material in general. In the present cases a great many dividing cells, par 
ticularly those in the lymphoid tissues, were in a dying or disintegrating 
phase, which may be presumed to be more prolonged than the usual briet 
period of mitosis (presumably 15 to 90 minutes, as in lower animals ) 
Doubling or tripling the mitotic time would increase the number of dividing 
cells visible at any given time, even though the mitotic activity of the tissuc 
was unchanged. Thus, the incidence of mitoses in these damaged tissues 
may give a falsely high impression of the rate of proliferation. It should 
also be stressed that the difference in time elapsing between exposure and 
death of these patients prevents one from comparing the degree of initial 
suppression, since more recovery from the early suppression of mitotic 
activity had taken place in case 1 than in case 3. Finally, it must be remem 
hered, in considering mitotic activity in autopsy material, that some of the 
dividing cells are able to complete mitosis in the interval between death of 
the patient and fixation of the tissues. At least, this has been observed in 
the human epidermis (Thuringer, 1928). Thus, the mitotic activity in 
both cases, as demonstrated in sections, may be lower than it actually was 
during life The conflicting factors just reviewed show the difficulties one 
encounters in an attempt to interpret quantitatively the influence of radiation 
on the cell proliferation in this material 
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2. Cell Damage and Death 
Cell damage which may lead to cell death is obviously the tundamental 
lesion responsible for the tissue and constitutional reactions observed in 


irradiated individuals. Tissue regeneration and even the alleged instances 
of stimulation of cellular activity are secondary to this cell-damaging action 
of radiation. Cell death is often nonspecific in type, but an unusual type of 
cytolysis also occurs which, while not unique in radiation injury, is not seen 
in the commonplace injuries. The nuclear and cytoplasmic aspects of both 
these types of death are now described 

a. Nuclear changes 

(1) Nonspecific type of nuclear disintegration: The changes in the nuclei 
of dying cells consist of swelling, hyperchromatosis, pyknosis, karyorrhexis 
ind karyolysis lhese changes are indistinguishable, in the usual histologic 
sections, from nuclear changes seen in other pathologic conditions. Such 
disintegration is most prominent in the radiosensitive tissues and presuma 
bly represents damage or death of the cell during its resting phase 

(2) Unusual or chromosomal type of nuclear damage: As discussed in 
Section IV, cytolysis due to chromosomal change is a common form of death 
in radiation-injured cells. As expected, these changes are found primarily 
in the tissues which normally are actively proliferating. The damaged 
nuclei are greatly swollen and often appear to be “exploding.” fragmenta 
tion of chromosomes, bridging between chromosome fragments, and multi 
polar mitotic figures are conspicuous, as are swelling of the nuclear material 
and chromosomal remnants in dying or dead cells. As will be brought out 
later, many of the daughters of these abnormally dividing cells appear to be 
non-viable. Sometimes nuclear division proceeds without cytoplasmic sepa 
ration and, as a consequence, double or multilobed nuclei can be observed in a 
single cell. The mitotic aberrations which can be seen in the photomicro 
graphs of Appendix I were described by Miescher (1925) and are unusually 
well illustrated in the monograph by Politzer (1934) and in the article by 
Hamper! (1936) \lthough this type of nuclear change is the most unusual 
spect of radiation-induced cellular injury, it must be emphasized that the 
reaction does not necessarily represent a specific effect of radiation. Iden 
tical changes can be found in the proliferating tissues of patients or animals 
treated with nitrogen mustards or aminopterin 

b. Cytoplasmic changes 

(1) Evidence of cytoplasmic dysfunction: The changes seen in the cyto- 
plasm of damaged cells, which show either orderly nuclear disintegration o1 
hromosomal abnormalities, are in no way characteristic of radiation injury 
Thus, swelling, vacuolation, increased basophilia and other indications of 
cytoplasmic modification, e.g., waxy degeneration of muscle fibers, can be 
found as a result of many other types of tissue injury It was once be 
lieved that the increase in size of these injured cells was related solely to the 
increased intracellular osmotic pressure, but it has since been shown that 
the swelling cannot be explained by water imbibition alone (Failla, 1940) 
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Phat synthesis of protoplasm sometimes continues in damaged cells is shown 
by the observation that, under certain conditions, irradiated yeast cells may 
achieve as much as 10 times their normal volume without apparent dilution 
of their protoplasm (K. Brace, personal communication from R. E. Zirkle) 
lhe increased basophilia, particularly conspicuous in tissue lymphocytes, 
epidermal cells and proliferating connective tissue cells, may well be the 
result of the accumulation of ribonucleic acid in the cytoplasm (Mitchell, 
1942). Sometimes the basophilia is more intense than that seen in actively 
proliferating, relatively undifferentiated cells, but often it is indistinguish- 
ible from that seen in normal stem cells 
(2) Cellular differentiation: Recently, in the British literature, emphasis 
has been placed upon the action of radiation in causing differentiation of 
inaplastic tumor cells (Glucksmann, 1946). Such an effect, while it may 
be striking in neoplastic tissue, would of course be difficult to detect in most 
idult tissues. Thus, although one may consider that the metaplasia of the 
duct epithelium of the sweat glands represents a similar phenomenon, such a 
deviation from normal should not be interpreted as true cellular differentia 
tion 
3. Interstitial Tissue Response 
Most of the connective tissue elements of case 3 showed a striking degree 
f edema, which was associated with dilatation of blood vessels and lym 
phatics. In contrast, the interstitial tissues of case 1 showed little edema 
Che edema in case 3 may have been related, in part, to the circulatory col 
lapse, and therefore might not be the direct response to irradiation alone 
\Ithough discrete points of gross and microscopic hemorrhage were evident 
in case 3, generalized extravasation of erythrocytes into the interstitial tis 
sues did not occur in either case. There was some early hyalinization of 
ollagen fibers, particularly in the regions around the sweat glands and hair 
follicles in the dermis of the more heavily irradiated regions of the abdomen 
tf case 3 
In contrast to the relatively minor changes in the interstitial tissues of the 
body, there was widespread necrosis of the connective tissues of the right 
hand of case 1 
+. Blood I essel Changes 
xcept in the heavily irradiated hand tissues of case 1, the vascular 
hanges, aside from prominent dilatation, were limited to swelling and occa 
sional death of the endothelial cells in the smaller vessels. There was no 
endothelial proliferation or thickening and hyalinization of the walls of blood 
vessels such as has been described as a late effect of chronic irradiation 
(Wolbach, 1909 Similarly, the adventitial connective tissue changes and 
loss of collagen in the media described in animals as a consequence of the 


exposure to radiation in the 30 day median lethal dose range (Bloom, 1948 ) 


were not observed 
In contrast to this limited effect on the blood vessels of the body tissues, 


vascular changes were pronounced in the hands of case 1. These changes, 
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which were similar in appearance to those found in trostbite and immersion 
foot, consisted of necrosis of the vessel walls and thrombosis of small and 
large vessels. It is apparent that most, if not all, of the late gangrene of 
the hand tissues of case 1 was due to interruption of the blood supply to 
these tissues 
5 lar Reaction 
i Inflamn itory cells 
Generalized infiltration of the tissues with leukocytes was not observed 
t for occasional plasma cells and other unidentified mononuclear cells, 
presumably of the lymphoid series. In the acutely inflamed tissues of cas¢ 


l, e.g., the exposed dermis, the cellular reaction was relatively scant and was 
mposed predominantly of mononuclear cells Polymorphonuclear leuko 
ytes we ire in these regions as well as in the pneumonic patches and 


veneath denuded submucosa of the intestines of case 3 his is con 


. ~~? latsnneclih # élie ant vee pot aa , 
t pro ¢ relationslup to ‘ j rulai n thre 


sistent with the terminal agranulocytosis which occurred in both patients 


ge numbers of mast « all » tissues 

smaller but nevertheless definite i in number ot 

issues of case |] iking finding which deserves further 

mment similar observat li en reported in the study of the 


lapanese killed rN radiation (| ICDOW, \\ and Det ‘oursey, 1949 


issue mast cells are not conspicuous in human autopsy material stained 
ul 





iods, but tl an be easily demonstrated in histologic se« 
nective tissu with metachromatic dyes (Janes and 
1948 is increased in tissues which 
show a chronic inflammatory reaction: they are not increased, however, in 
icutely inflamed tissues (Janes and McDonald, 1948 Other examples 
of pathologic states in which mast cells play a conspicuous part are urticaria 
pigmentosa in man (Lever, 1949) and mast cell tumors in dogs (Bloom 
1942 


Che increase il the mast ce IIs 1s inte resting bec ilis¢ 1 its possible asso ia 


ion with the anticoagulant demonstrated in the blood of case 3. The in 


timate relationship between mast cells and heparin was postulated some 


time ago (Jorpes, 1946) on the basis of experiments which show that th 
heparin content of tissues parallels the number of mast cells seen in histology 
sections (Holmgren and Wilander, 1937; Wilander, 1938 Recent stud 
ies in which active heparin has been extracted from mast cell tumors in dogs 
(Oliver, Bloom and Mangieri, 1947) and from a human scrotum which 
contained numerous mast cells but no thrombi (Ehrich et al., 1949) may 
support the contention that tissue mast cells contain heparin It may be 
more than coincidence, then, that the mast cell content of the tissues of cases 

an be correlated with the presence or absence of a defect in the 
clotting mechanism of the blood. In 3, whose blood was uncoagulabk 
it autopsy, there was a great incre in the number of tissue mast cells, 


i tl 
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while in case 1, in whom there was no apparent increase in the blood clotting 
time at death, the mast cells were less numerous. From this observation, 
as well as from the experimental evidence just reviewed, it seems possible 
that the anticoagulant in the blood of case 3 was related to, if not derived 
from, the tissue mast cells. 

It should be emphasized again that recent studies show that an increase 
in circulating anticoagulant cannot be demonstrated in irradiated animals 
(Cronkite, 1950) 

Skin 

The histopathology of acute radiation damage to the skin has been well 
described and the pertinent literature discussed in a review by Montgomery 
(1946), as well as in a summary by Warren (1942-43). The acute exuda- 
tive and ulcerative dermatitis following x-ray, gamma ray or neutron irradia- 
tion involves both the epidermis and its appendages and the supporting tis- 
sues. As has been pointed out in Section IV, the cellular response in both 
the epithelium and the dermis becomes manifest only after a latent period 
of a week or more except when the radiation dose is overwhelming. It is 
in this respect that radiation “burns” usually differ from thermal burns, in 
which gross pathologic changes are seen immediately after the injury. The 
usual type of acute radiation burn produced by a moderately large dose of 
radiation is characterized by its late development and by multiple, successive 
waves of ulceration and repair, a process that may continue for many months 
or years 

\lthough the radiation received by cases 1 and 3 differed considerably 
in amount, skin doses of the body in both cases were so large that much cell 
damage of a prompt character occurred; therefore, it seems reasonable to 
compare the pathology of the two cases. The histologic picture seen in the 
skin of the abdomen of case 3, nine days after exposure was characterized 
by: (a) cessation of mitotic activity in the epidermis and in the hair 
follicles; (b) necrosis of epithelial cells, with swelling, vacuolation of both 
the cytoplasm and nuclei, and loss of cellular differentiation, and (c) thinning 
of the entire epidermis, with a disappearance of the characteristic structural 
lavers. These epithelial changes were accompanied by edema of the under- 
lying dermis and a resultant flattening of papillae, and by the early stage of 
separation of the epidermis from the dermis. In contrast to the relatively 
early yet striking and widespread changes of case 3, the skin lesions in case 
1, 24 days after exposure, were advanced. Although severe ulcerative and 
exudate dermatitis was the predominant reaction, regeneration of epidermis 
and the formation of actual granulation tissue had begun at the edge of 
burned areas on the abdomen 

In both cases the striking metaplastic changes in the epithelium of the 
ducts of the sweat glands was the most unusual finding noted in the skin 
Metaplasia of this type has not been described previously except for brief 
mention in an autopsy report of a Japanese in whom the process was be- 
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lieved to be the result of the thermal burn (Liebow, Warren and DeCoursey, 
1949).* Although no dead or disintegrating duct cells were seen in either of 
the cases under discussion, the metaplastic changes presumably occurred 
subsequent to destruction of the normal cuboidal epithelium of these ducts. 
The proliferative changes were in striking contrast to the degenerative 
phenomena seen in cells of the epidermis. Squamous cell proliferation of the 


ducts of the sweat glands was much further advanced in case 1 than in case 3, 
but no normal duct epithelium could be found in either case except in skin 
taken from lightly irradiated areas. The progressive character of this 
squamous metaplasia is well illustrated by the way in which it had replaced 
the original lining and had occluded the lumina of some of the ducts. It is 
possible that such occlusion of the ducts of the sweat glands may be responsi- 
ble in part for the cessation of sweat production which has been reported to 
occur in irradiated skin ( Knowlton et al., 1949) 


D. Hematopoietic Tissue 

Study of the histopathology of the radiosensitive hematopoietic tissues 
of cases 1 and 3 brings out several interesting features 

1. In the first place, in both cases, which differed considerably not only 
in radiation dose but in the duration of life of the individual after exposure, 
the lymphoid tissue appeared to be less depleted of cells and more actively 
regenerating than the bone marrow. This is exemplified by the almost 
complete aplasia of the bone marrow of case 3 in the face of hypoplastic but 
proliferating lymphoid tissue. Such a finding might seem paradoxic in view 
of the fact that lymphocytes are considered to be more radiosensitive than 
most other blood cells. However, the lymphoid tissue is able to recuperate 
rapidly, and it must be assumed that the histopathologic picture at the time 
of autopsy in each case represents recovery rather than absence of injury 
This observation suggests that the stem cells in the marrow and lymphoid 
tissues, which are indistinguishable histologically, actually have different 
characteristics. Although both types appear to be relatively radioresistant, 
the stem cells in the lymphoid tissue apparently are somewhat less vulnerable 
or recuperate more promptly. 

2. The proliferation of the lymphoid tissues brings up another interesting 
point, namely, that the mitotic activity of the lymphoid tissue is not normal 
with respect to the production of healthy, vigorous daughter cells capable of 
entering and surviving in the blood stream. Morphologic evidence of the 
abnormality of cell division is found in the frequent chromosomal aberra- 
tions in the medium sized lymphocytes. It is apparent that many dividing 
cells die in mitosis, and that those which complete mitosis do not form 
normal-appearing daughter cells. Thus, many of the daughter lympho- 
cytes have large, hyperchromatic and even multiple nuclei, or they have 

* Recently, squamous cell hyperplasia and metaplasia have also been observed in the 


normal mucous glands of the oral cavity of patients receiving radiation therapy (Friedman 
M. and Hall, J. W., Radiology 55: 848, 1950) 
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formed giant cells. /-ven the more normal appearing small lymphocytes 
often have double nuclei or an unusually large amount of basophilic cyto 
plasm. ‘The failure of the lymphocyte count to rise in the face of prolifera 
tion of the parent tissue indicates either that the adult cells were not reaching 
the blood stream or that they were being destroyed rapidly when once in the 
circulation 
3. A third interesting point about the response of the hematopoietic tissue 
is that hyperplasia of the reticulum cells, which has been previously reported 
(Liebow, Warren and DeCoursey, 1949), was not observed in these cases 
Phe radio-resistant reticulum cells became more prominent in the lymphoid 
tissue and bone marrow because of depletion of the leukocytes, but hyper 
plasia of the reticulum was not evident. This is in contrast to observations 
in the Japanese, which showed that reticulum hyperplasia was the usual find 
ing in the patients dying seven to 10 days after exposure. It had even 
begun in the bone marrow of a few patients dying six days after exposure 
In addition to the findings just noted, two other facts stand out about 
the bone marrow response in cases 1 and 3. First, the apparent damage to 
the reticulum cells in the irradiated vertebral bone marrow of case 3 sug 
gests that the radiation dose in this tissue was high, since the radio-resistance 
of this type of cell is well established. This is in conflict with the concept 
that most of the radiation was absorbed in the superficial layers of the anterior 
surface of the body of this patient (See Sections I] and = Second, the 
large number of cells dying during mitosis in the marrow of case 1 is an 


unexpected finding so long after exposurs 


| Re produ five Organs 


Phe lesions in the reproductive organs are identical with those described 
in human subjects many years ago (Schinz and Slotopolsky, 1928), and with 
the well known testicular abnormalities in experimental animals, first de 
scribed in 1903 ( Albers-Schénberg). Sections of the testes of the two fatal 
cases Clearly illustrate the sequence of events that takes place in germinal 
tissue exposed to an overwhelming dose of radiation It is irrelevant that 


the radiation dose ¢ 


1 
l 


iffered in the two cases because, in both instances, it was 
undoubtedly much higher than that necessary to produce permanent sterility 

In case 3, a few poorly preserved and highly abnormal spermatocytes and 
even a few spermatogonia were observed among the clumped necrotic cells 
and debris within the lumina of the seminiferous tubules. In contrast, there 
was little evidence of cellular debris in case 1, although a few swollen, degen 
erating germinal cells were seen The lining cells of the tubules in the latter 
case consisted wholly of abnormally large Sertoli cells. In addition, there 
was hyaliniz: of the basement membrane, an indication of involution and 
atrophy of tl irgan lhe sequence of events in these cases is in accord 
ance with the histologic pattern noted in the Japanese. Sloughing and dis 
integration of the epithelium were evident in a Japanese patient dying four 
days after 1! 1 oth patients the destruction of germinal epi 
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thelium continued well beyond the second week. In contrast to the tubular 


atrophy, the interstitial tissue in the Japanese appeared normal or hyper- 


plastic. 

Even though the testicular changes can be explained by the direct damag 
ing action of radiation, indirect factors must be considered also, since these 
tissues are known to be very sensitive to many diverse and generalized body 
changes, such as malnutrition and acute or chronic infectious processes. It 
is highly unlikely, however, that such systemic factors played a primary role 
in the pathogenesis of the lesions noted in the testes of cases 1 and 3, although 
they may have contributed to the overall picture seen at autopsy 

Che prolonged effect of radiation on the spermatogenic cells is shown 
by the sperm counts and biopsies in case 4. Why regeneration should be 
so markedly delayed in this tissue is not clear. Such a delay is in marked 
contrast to the other radiosensitive, actively proliferating tissues, such as 
the lymphoid tissue, bone marrow and intestinal epithelium, which show 
prompt recovery (Liebow, Warren and DeCoursey, 1949) 


I’. Gastrointestinal Tract 

The loss of the sections of most of the alimentary tract of case 1 prevents 
a comparison of the histologic appearance of the intestine in the two fatally 
injured patients. However, it can be said from the examination of the gross 
specimens that the most intense reaction in case 3 occurred in the jejunum 
and ileum, while that in case 1 occurred in the colon. This observation in 
case 1 is in keeping with the findings in the Japanese dying after the second 
week. In these persons the large bowel was also the site of the most severe 
damage. It is interesting that the ulcer in the colon was located at the site 
of a previously healed inflammatory reaction 

The essential lesion in case 3, however, was the almost complete loss of 
intestinal epithelium, particularly in the small intestine; there were also 
mononuclear cell infiltration, edema and hyperemia of the submucosal tissues 
The few remaining epithelial cells were found mostly in the intestinal crypts, 
and they appeared to be severely damaged Che most obvious abnormalities 
were the marked enlargement of the cells and the chromosomal aberrations 
In a few portions of the jejunum and ileum, the ulceration had extended 
beneath the epithelium into the underlying submucosal tissue. It is possi 
ble that some of these ulcerations may have occurred in disintegrated Peyer's 
patches. Myriads of bacteria were present on the denuded surface of the 
gut, but there was little bacterial invasion of the underlying tissue. This 
delay in the invasion of the intestinal wall by bacteria, even in the absenc« 
of a cellular reaction, has been observed in irradiated animals (Warren and 
Whipple, 1923). 

In contrast to the almost complete destruction of intestinal epithelium in 
case 3, the gastric mucosa showed relatively little damage. This is con- 


sistent with the observations in the injured Japanese patients 
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xcept for a spotty endocardial thickening in the heart of case 1 and the 
petechial hemorrhages in case 3, there were no significant lesions of the 
valves, the endocardium or the myocardium in either case. The hemor 
rhagic fibrinous pericarditis of case 1 appeared to be acute in some places 
and subacute in others. In the latter regions, early organization of the 
fibrinous exudate was seen. The process thus appeared to be at least a 
week to 10 days old, and must have started about the time of the friction 
rub which followed the tachycardia on the fifteenth postexposure day. Ex 
cept for the absence of bacteria and cellular reaction, there was nothing 
specific about the appearance of this pericardial reaction. Pericarditis of 
this nature has not been reported previously in patients with thermal or 
radiation injuries or in patients with Wolff-Parkinson-White syndrome. 
The cause of the pericarditis, therefore, is not apparent, although infection 
cannot be excluded, in the absence of blood cultures, even though organisms 
could not be seen in sections stained with bacterial stains 


Ht. ddrenal Glands 


Since certain of the clinical and metabolic responses ot these patients 
were assumed to be dependent upon adrenal cortical dysfunction, the study 
of the adrenal glands becomes of great interest. It is surprising that the 
adrenal cortex of case 1 showed only slight morphologic changes, particularly 
in view of the very high excretion level of the corticoid-like substances. In 
contrast, the adrenal cortex of case 3 showed evidence of distinct damage, 
characterized by vacuolation and necrosis of cortical cells in both the zona 
glomerulosa and the zona fasciculata, and edema of the cords. Reference 
has been made to the similarity of this reaction and the “tubular degenera 
tion” of the adrenal cortex observed in patients dying in a state of cardio 
vascular collapse resulting from overwhelming infection (Rich, 1944) 

It is appropriate to consider the role of the adrenal glands in the acute 
radiation syndrome at this time. This subject has been reviewed recently 
(Selle, 1949), and there seems to be little doubt that adrenal dysfunction is 
responsible for some of the clinical response in irradiated animals. [-vidence 
for disturbance in the adrenal function comes from investigation of the post 
mortem histologic changes in the glands of irradiated human beings and 
animals and from studies of the cholesterol content of the glands in rats 
Thus, the Japanese, dying of radiation injury, showed adrenal atrophy; 


similarly, studies of the histology of the heavily irradiated adrenal glands 


of rabbits have shown evidence of cell damage (Engelstad and Torgerson, 
1937). Recent observations on the organ weight and cholesterol content, 
as mentioned above (Patt et al., 1947), attest to the hyperactive state of the 
adrenal gland in animals exposed to doses of x-rays in the median lethal 
range. In the terminal stage of the illness of fatally injured animals, the 
adrenal activity, as indicated by cholesterol content, may decline This is in 
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keeping with the concept of the exhaustion stage of the general adaptation 
syndrome. Hypophysectomy, or the previous injection of adrenal cortical 
extract in rats, wipes out the adrenal cholesterol response (Patt et al., 
1948-b ) 

\lthough it has been reported that pretreatment with desoxycorticos- 
terone protects mice against lethal doses of x-rays (Ellinger, 1947), recent 
experiments do not confirm this observation (Straube et al., 1949). It has 
been observed that the mortality rate for irradiated normal and adrenalec 
tomized mice maintained on a salt diet is the same, even though the mean 
survival time for the intact animals is somewhat longer (Straube et al., 
1949). Similar experiments in other laboratories, however, indicate that 
adrenalectomized mice are more susceptible to the lethal action of ionizing 
radiation than normal mice (Cronkite, personal communication). Thus, 
it is apparent that the role of the adrenal gland and its hormones in causing 
radiation death is not clearly understood at the present time; it is certain, 
however, that the adrenal glands play a conspicuous part in shaping the 
clinical response of the animal to irradiation 


I. Lives 

There was no microscopic evidence of liver damage in case 1 In case 3, 
however, occasional deau liver cells were seen, and there was edema of the 
cords. The changes in the latter case are compatible with the clinical evi 
dence of frank liver insufficiency. Although the liver parenchyma is said 
to be highly radio-resistant, evidence of liver damage has been described in 
animals which have received large doses of radiation in the region of the 
abdomen (Pohle and Bunting, 1932; Warren, 1942). It has been stated 
recently that the histologic changes seen in the liver of animals subjected to 
lethal doses of total-body radiation (not exceeding 1,200 roentgens or its 
equivalent ) are probably secondary to damage elsewhere in the body (Bloom 
1948). In case 3, however, the heavy irradiation of the abdomen may have 
resulted in direct damage to this organ, in addition to the indirect or second 
ry reaction of the liver to injury of the body as a whol 
J. Kidneys 


\side from the infarct in case 1, the only kidney lesion of significance 


was the moderate degenerative change noted in cells high in the tubular 


system of case 3. This lesion, together with the extrarenal shunt (Trueta 
et al., 1947), was probably responsible for the terminal anuria and nitrogen 
retention noted in this patient. In view of the widespread tissue breakdown, 
one might wonder if the kidney lesion described in this patient is similar in 
nature to that seen in the crush syndrome. Actually, the tubular damage in 
this case is quite different from the lower nephron syndrome seen in trau 
matic shock. The kidney changes after traumatic shock usually occur lower 
in the tubules, are focal in nature, and are often associated with precipita 
tion of blood pigments within the tubules ( Mallory, 1947) 
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Summary 

Cell injury or death in all radiosensitive organs and in the heavily irra- 
diated superficial tissues was the fundamental histologic lesion noted in 
cases 1 and 3. Often there was nothing distinctive about the type of cellular 
damage and disintegration, but cell death during or shortly after mitosis was 
conspicuous, particularly in the actively proliferating tissues. Such cytolysis 
resulting from chromosomal damage is characteristic of but not unique in 
radiation-damaged tissues, for it is also noted after injury by nitrogen 
mustards and other mitotic poisons. In contrast to the widespread destruc- 
tive processes, proliferative changes were noted only in the ductal epithelium 
of the sweat glands, even in the heavily irradiated regions of the skin of 
both cases. 

Chere was a widespread inflammatory reaction noted in both cases due 
to infection and other factors (aspiration pneumonia, infarction of the kid- 
neys, etc.). The cellular exudate in the inflamed regions was unusual, in 
that neutrophils were rare. There was a marked increase in the number of 
mast cells in case 3, and a slight increase in cells of this type in case 1. The 
generalized mast cell infiltration of the tissues of case 3 and the uncoagula- 
bility of his blood at death may be more than a chance association. 

Certain pathologic changes in individual organ systems are believed to be 
the result of direct radiation damage plus a secondary reaction to tissue de- 
struction or organ dysfunction elsewhere in the body. Thus, the liver dam- 
age of case 3 is probably a result of primary and secondary cell injury. Also, 
the “tubular” degeneration of the adrenals of case 3 is similar in appearance 
to that described in patients with overwhelming infections. The changes in 
cells high in the tubular system of the kidneys of case 3 resemble those seen 
in cases of dehydration more closely than the lower nephron syndrome de- 
scribed in patients with traumatic injuries. There is no obvious explanation 
for the serofibrinous pericarditis of case 1, although infection is a possibility 


which cannot be excluded. 
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RECONSIDERATION OF THE CALCULATED RapIATION Doses IN TERMS OF 
rHE Opservep BioLtocic RESPONSE OF THE PATIENTS 


Radiation Dose Calculatior 

Doses in Terms of Energy Units 
2. Doses in Terms of X-ray Equivalent 
onsideration of the Characteristics of the 
plications 
1. Uneven Distribution of the Radiatior 
- Depth Dose of the Radiatior 
3. Dose Rate of Incident Radiation 

fic Effects of Neutron Irradiation 


tion of the Quantitative Aspects of Select 


Doses of Total-body Radiation in Mat 


> 


2. Epilation 
3. Sterilization 


4. Delayed Damage to the Lens of the Eye 


Initial Reaction or Radiation Sickness 
6. Bone Marrow Damage 
LD). Summary 


YNSIDERATION OF THE CALCULATED RADIATION Doses IN TERMS 
OF THE OBSERVED Biotocic RESPONSE OF THE PATIENTS 


The discussion of the radiation doses in Section II was intentionally 
limited, insofar as was possible, to the physical problem, and consideration of 
biologic variables was kept to a minimum. Now that the clinical and patho 
logic response of the patients has been presented, it is desirable to review the 
radiation doses emphasizing the biologic aspects. Therefore, the reliability 
of the dose computations will be re-assessed; those characteristics of the 
radiation which may be expected to influence the clinical response will be re 
evaluated, and, finally, specific tissue reactions will be compared quantita 
tively with those produced by known amounts of x-rays or gamma rays 
Such a correlation of physical and biologic data is of great importance be 


cause of the scarcity of accurate information about radiation doses in human 


| 
| 


subjects with acute radiation injury 


\. Reliability of Radiation Dose Calculations 

rhe uncertainties in the computation of radiation doses in these patients 
were stressed in Section II. It seems appropriate to reexamine the postu 
lates on which the calculations were based. In this way, the reliability of 
the doses can be assessed and an idea of the direction of possible error may 
be gained in some instances 

1. Doses in Terms of Energy Units 

Consider for the moment the radiation dose in terms of energy dissipated 
in the body (table 1, Section II). It has been pointed out that the validity 
of these computations rests on the basic assumption that the incident neutron 
flux can be calculated from the specific activity of the serum sodium. The 
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introduction of biologic variables in the form of possible differential handling 
of radiosodium by the body poses a problem not implicit in calculations based 
on the physical interaction between neutrons and sodium. However, the 
simultaneous in vivo production of radiosodium by neutrons in all body 
sodium compartments, and the known ability of radiosodium to reach a 
prompt equilibrium with body sodium, argue against errors due to biologic 
factors. ‘This view is substantiated by the constancy of the sodium specific 
activity, which provides, in itself, strong experimental evidence against 
selective handling of the radioisotope by the body. Taking these facts into 
consideration, the use of sodium specific activity for the determination of 
neutron flux appears to be sound on both theoretic and experimental grounds. 

Assuming that the basis used for neutron dose calculations is valid, the 


major sources of error in the dose calculations are the lack of good experi- 


mental data about incident neutron energy and the possibility of improper 
interpretation of the nuclear reactions. In considering the first of these 
sources of error, it should be pointed out that the arbitrary value for average 
neutron energy was chosen so that the errors in dose are likely to be high 
rather than low. This means, therefore, that the total energy dissipated in 
the body may be less than that indicated in table 1. Corrections for the use 
of unduly high neutron energies would result in an increase in the surface 
doses even though the total-body doses would be diminished. The second 
of these possible errors, that due to misinterpretation of nuclear reactions, 
deals with unknown factors which must await further experimentation for 
clarification. 

In evaluating the gamma ray component of the radiation doses, it should 
be realized that considerable experimentation was undertaken to determine 
the self-dosage of the body by the captured gamma rays (column 2 in table 
1). A mock-up of the body containing radiosodium was utilized in these 
studies and the reciprocity theorem was employed (Hoffman, 1947). It 
seems reasonable to accept with confidence these doses and the prompt pri- 
mary gamma doses as being in the proper range. In contrast to these doses, 
the delayed gamma ray dose (column 4, table 1) depends upon an estimate 
of how long the operator remained in a region of known gamma ray intensity. 
It is conceivable that this dose estimate, particularly in case 1, may be in- 
accurate 

2. Doses in Terms of Roentgen-ray Equivalent 

The possible errors encountered in converting energy dissipated in the 
body into x-ray equivalent doses have been emphasized so strongly that little 
need be added here. It should be pointed out again that the overall R.B.E. 
used for the neutrons in these calculations may well be low for selected effects 
in specific tissues. Thus, the effective dose in such tissues as the gonads and 
lens, organs known to be highly sensitive to repeated neutron exposure, 
might well be higher for an acute exposure than that indicated in table 2 
Che difference between the actual depth dose curves for neutrons of this 
energy and for 80-kv x-rays also should be stressed once more. Tissue 
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ionization caused by irradiation with neutrons of this energy does not fall off 
so rapidly below the skin surface as does that produced by soft x-rays. 
Thus, for a given amount of energy dissipated in the body, the skin dose, in 
the case of the neutrons, would be less than that for x-rays 


B. Reconsideration of the Characteristics of the Radiations and Thewr Bio- 
logic Implications 

Now that the validity of the computed doses has been discussed, it is 
fitting to reconsider the unusual characteristics of the radiations which might 
influence the clinical response of the patients. Although much of this in- 
formation has been stated before, the biologic implications of these radiation 
characteristics will be reiterated and summarized 

1. Uneven Distribution of the Radiation in Cases 1, 3 and 4 

It has been pointed out repeatedly that the doses quoted in table 1 repre- 
sent the average dose of radiation distributed evenly over the entire body 
of the individual. In those cases where the incident radiation was non- 
uniform, the value for the average dose cannot be taken literally for any 
part of the body. Thus, the abdomens of cases 1 and 3 and the head and left 
arm of case 4 received a greater amount of radiation than that designated by 
the average dose. The heavy irradiation of these parts of the body must be 
kept in mind when the reactions of the abdominal skin, the intestines and the 
superficially placed hematopoietic tissues of cases 1 and 3 are studied and 
when the epilation of case 4 is considered 

2. Depth Dose of the Radiation 

The limited power of penetration of moderately fast neutrons in aqueous 
tissue has been stressed, and the difference in the shape of the depth dose 
curves for neutrons of this energy and for 80-kv x-rays has been pointed out. 
The distribution of the radiation dose in the body is important in determining 
the response of the individual. Preliminary reports of a current investiga- 
tion indicate that, in swine, the same dose of 200-kv x-rays is more injurious 
if given half to one side of the body and half to the opposite side than if the 
entire dose is administered to one side (J. L. Tullis, personal communica- 
tion). In the case of the more heavily irradiated survivors of these radia- 
tion accidents, the superficial nature of the body dose undoubtedly accounts 
for the fact that the patients did not show more serious constitutional reac 
tions. This is somewhat analogous to animal experiments, which show that 
protection of part of the hematopoietic tissue increases the median lethal dose 
and diminishes the damage to the formed elements of the blood (Jacobson 
et al., 1949-b). 

It should be emphasized again that the superficial radiation dose due to 
beta rays and secondary x-rays was not taken into consideration except in 
the case of the hands. Such radiations also may have contributed to the 
damage of the exposed skin of the face, particularly in the patients nearest 
the assembly. Furthermore, the dose calculations do not take into account 
scattered slow neutrons of thermal energy. Slow neutrons would have con- 
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tributed to the induced radioactivity in the body tissues, but would produce 
maximal tissue ionization only 0.3 cm. below the surface (Capron, Faes and 
lavernier, 1949) Che unknown amounts of such soft radiations, i.e., beta 
rays, soft x-rays and thermal neutrons, would have enhanced the skin effects 
without having much influence on the systemic response of the patients 

The sharp localization of the epilation of case 4 and the partial shielding 
of the lens of his right eye by the bridge of the nose are a consequence of the 
soft quality of much of the incident radiation 

3. Dose Rate of the Incident Radiation 

It is well known that the biologic effect of radiation depends to some ex- 
tent upon the dose rate lor the range of dose rates often used in biologic 
experimentation, it has been shown that decreasing the dose rate lessens the 
biologic effect Perhaps it is not valid, then, to compare the clinical reac 


tions produced by radiation delivered at a rate of thousands of roentgen 
equivalents per minute with the response of patients and experimental animals 


irradiated by radiation from x-ray tubes, the usual output of which is about 
50 roentgens per minute 

The effect of dose rate on biologic reactions has been reviewed in a 
symposium (Gray, 1944; [llis, 1944 Chis symposium considers the re 
sults of irradiating various biologic materials at vastly different dose rates, 
ranging from very low radiation intensities to 40,000,000 roentgens per 
minute. The data indicate that the quantitative biologic effects of radiation 
are dependent on dose rate at low intensities but not at high intensities. The 
rate above which the biologic effects become dose-rate-independent is 5 to 
10 roentgens per minute for most animal reactions. In contrast, the rea 
tions of some plants (algae) show dose-rate-dependence up to intensities of 
1,000 to 2,000 roentgens per minute \Ithough it has been reported that 
the response of human skin is dose-rate-dependent at intensities up to 500 
reentgens per minute, this has not been confirmed by recent investigation 
(Ellis, 1944; Schottelndrever, 1949) 

rhe evidence just reviewed suggests that the very high dose rate responsi 
ble for the injury of the present cases should not be expected to have been 
inordinately effective in modifying the clinical responses of these patients 

+. Specific Effects of Neutron Irradiation 

The variability in the biologic effectiveness of neutrons as compared with 
other radiations was mentioned in Section I\ Studies of the response of 
skin to neutron and x-ray irradiation provide an example of the inconstancy 
of the R.B.E. for different effects in the same tissue (Stone, 1948). Thus, 
ilthough one t f neutrons delivered in a single dose is equivalent to 2.5 
reps of x-rays in producing erythema, it is equal in effectiveness to 4 reps 
of x-rays in causing epidermolysis and late skin changes. An example of 
the variation in the R.B.E. of neutrons and x-rays for the same effect in 
different tissues is found in an experiment in which the effects of localized 
acute irradiation of rabbit testes were studied (Lampe and Hodge, 1943) 
When compared to x-rays, fast neutrons are relatively more damaging to the 
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germinal epithelium than to skin. This is shown by the fact that steriliza 
tion was produced by neutron irradiation in the absence of permanent injury 
to the overlying skin, whereas, in the case of x-rays similarly applied, a 
comparable testicular effect was achieved only by doses which caused lasting 


skin damage 

Besides the variations just mentioned for acute irradiation, it has been 
found that the R.B.E. of neutrons is dependent on the dose rate. When the 
lethal effect in mice of neutrons and x-rays is investigated at different radia- 
tion intensities, it is found that the effectiveness of neutrons as compared to 
x-rays or gamma rays is much greater for chronic than for acute exposures 
(Henshaw, Riley and Stapleton, 1947; Mitchell, 1947; Evans, 1949) 
Similarly, the selective damaging action of neutrons in specific tissues is 
exaggerated when exposures are protracted. Thus, chronic neutron irradia 
tion of mice causes more damage to the gonads and lens than to other tissues 
(Evans, 1948). No studies have been done on the R.B.E. of neutrons and 
x-rays or gamma rays at high intensities. If one extrapolates the dose rate 
data just mentioned to the present situation, one would expect the R.B.E. to 
be relatively low. 

This discussion of the specific effect of neutrons emphasizes the difficulties 
encountered in choosing a single value for the R.B.E. for use in neutron dose 
calculation. The evidence just presented, however, suggests the best ap 
proximation of the R.B.E. for the overall response of the individual can be 
made by using a relatively low value. Since the range of the R.B.E. in acute 
biologic responses is from 4 to 10, the factor of 5 used in the present com 
putations seems reasonable 

Consideration of the Quantitative Aspects of Selected Tissue Response 

It is appropriate to conclude this section by considering specific tissue 
reactions in man; also, the dose estimates in the present cases will be com 
pared with the x-ray doses known to produce comparable tissue responses 
Except for the estimates of lethal doses, most of the clinical data presented 
below were obtained from studies using local rather than total-body irradia 
tion 

l. Lethal Doses of Total-Body Radiation in Man 

The median lethal dose of radiation is not known with accuracy for man, 
but it may be assumed to be about 400 + 100 roentgens of gamma rays.* 
The mixed x-ray equivalent doses listed in table 2 (Section IL) obviously 
cannot be compared with this value because of differences in the type of 
radiations and the unusual exposure conditions. If one ignores the im 
portant consideration of the depth distribution of tissue ionization and con 
verts megagram-roentgen dose directly into its gamma ray equivalent (using 
an R.B.E. of 5), the radiation doses turn out to be 290 roentgens for case 1, 
880 roentgens for case 3 and 180 roentgens for case 4. Although such an 


* This figure is based on the opinion of a group of 24 experts in radiology and rad 
biology (R. R. Newell, personal communication ) 
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interpretation of the data is not strictly acceptable, the computation suggests 
that, in terms of energy loss in the body, the present doses in the fatally in- 
jured patients are of the same order of magnitude as that which has been 
estimated to be lethal in man 

2. Epilation 

There is considerable individual variation, particularly with age, in radia 
tion-induced epilation of the scalp in man. Therefore, it is difficult to 
express the minimal epilation dose as a single value. However, the dose 
of soft x-rays recommended for temporary therapeutic epilation in the treat 
ment of ringworm of the scalp is not less than 300 roentgens of soft un 
filtered x-rays (MacKee and Cipollaro, 1946). Recently it has been stated 
that complete temporary epilation is not achieved except by administering 
75-kv unfiltered x-rays in such a way that the minimal and maximal doses 
in a given field lie between 375 and 500 roentgens (Pendergrass and Ma 
honey, 1948). Thus, it appears that the calculated dose of the soft x-ray 
equivalent for case 4 approximates the x-ray dose known to produce com 
parable clinical effects 

3. Sterilization 

lhe doses of radiation which cause temporary or permanent sterilization 
in the male are not known with certainty (Dunlap, 1947). However, it 
has been stated that 250 roentgens of x-rays (energy undesignated) will 
cause temporary but not permanent sterility (Ellinger, 1941; Glucksmann, 
1947). The response of the germinal tissues noted in case 4, then, is not 
unexpected in view of the calculated radiation doses. The fact that irre 
versible damage did not occur suggests that, unlike chronic exposure, acute 
neutron irradiation in these cases was not inordinately effective in damaging 
germinal tissu \s has been pointed out, however, animal experiments 
suggest that neutrons delivered as a single dose are more damaging to 
germinal epithelium than are doses of x-rays which produce comparable skin 
effects (Lampe and Hodge, 1943) hus, it is likely that the effective dose 
of the gonads in the patients under discussion was greater than that indicated 
in the dose tables 


It should also be pointed out that the partial shielding of case + may 


have caused the gonadal dose to be lower than the average body dose 

+. Delayed Damage to the Lens of the Eve 

The dose of x-rays required to produce cataracts in animals varies di 
rectly with age (Warren, 1943) The minimal cataractogenic dose of 
x-rays in adult humans is not known, but it has been reported that 875 
roentgens of 130-kv x-rays and 1,000 roentgens of gamma rays caused 
cataracts in patients treated for cancer of the eyelid (Hunt, 1947). The 
radiation dose of the 10 Japanese who developed radiation cataracts is not 
known exactly, but an idea of its order of magnitude is gained from the 
fact that all showed epilation (Cogan, Martin and Kimura, 1949). The 
cataractogenic properties of acute exposure to neutrons have not been studied, 
but it seems clear that repeated neutron exposure is more damaging to the 
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lens than to most other tissues. The early development of the cataract in 
the left eve of case 4 is not unexpected in view of the fact that his head 
probably received more radiation than that indicated by the average body 


dose 

5. Initial Reaction or Radiation Sickness 

[his response is so variable that it is not worth serious consideration as 
an index of the radiation dose. Nevertheless, it has been shown that 100 
roentgens of 200-kv x-rays can be delivered to the entire body of a patient 
without causing symptoms of any sort (Cantril et al., 1947). If the im 
portant factor of the distribution of tissue ionization in the body is ignored 
and the megagram-roentgen dose of case 6 is converted into its gamma ray 
equivalent, a value of 86 roentgens is obtained. As has been pointed out, 
the signi fic ance of such a dose conversion is limited, but it does suggest that 
total-body radiation approximating 100 roentgens or less (as was received 
by cases 6 and 7) need not cause symptoms of radiation sickness 

6. Bone Marrow Damage 

Experimental studies in animals and clinical experience in man indicate 
that the blood forming tissues are exceedingly radiosensitive. In man, the 
lymphoid tissue is considered to be of the same order of radiosensitivity as 
the erythroblastic tissue of the bone marrow (Bloom and Bloom, 1947) 
Histologically, the damage in the marrow and lymphoid tissues in several 
species of animals produced by whole-body irradiation with either gamma 
rays or fast neutrons in equivalent doses is identical (Bloom, 1947). For 
this reason, the marked damage of the deeply placed vertebral marrow of 
case 3, which is out of proportion to the lymphatic tissue reaction, represents 
a distinctly unexpected finding. This observation cannot be explained on 
the basis of enhanced scattering of neutrons by the relatively heavy bone 
tissue, with the resultant increased energy dissipation in the bone and ad 
jacent tissues such as is known to occur with soft x-rays (Spier, 1946) 
lhe well known neutron scattering properties of calcium and phosphorus 
indicate that the energy absorption in bone is not increased over that in soft 
tissues. Nor can severe marrow effects be explained by induced radioactivity 
in hone phosphorus, which would have accounted for only a small percentage 
of the total ionization in the bony tissue 

Hence, one cannot interpret the marrow damage of case 3 on the basis of 
any known phenomenon occurring as a result of the interaction of neutrons 
and bone. The extreme damage, even to the radio-resistant reticulum cells 
of the deep-seated vertebral marrow of case 3, is difficult to reconcile with 
the present concept of depth dose of the incident radiation as presented in 


Section I] 


D. Swmmary 


\fter considering the tenets on which the radiation dose computations are 
hased, it is concluded that the use of the specific activity of the serum sodium 
for calculating the neutron flux is justifiable. The values assumed for the 
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average energy of the incident neutrons are such that errors in the neutron 
dose are believed to be on the high side. Reconsideration of the characteris- 
tics of the incident radiations suggests that insofar as the quantitative aspects 
of the biologic reactions are concerned, there was no reason to expect unusual 
clinical responses in the present cases. When specific tissue reactions of the 
present cases are considered, it is noted that they are in agreement with those 
produced by comparable x-ray doses, with one exception—the severe damage 


to the vertebral bone marrow of case 3 
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\. Gross Protrocot AND SELECTED PHe 
Case 1 
{ppearance 
is that of a well developed, obese, sthenic young male individual, said 
ars of age and measuring 178 cm. in length. The estimated weight is 85 to 


y is still warm. Beginning rigor mortis is found in the neck, the jaws 


somewhat in both elbows; it is absent in the legs. There is considerable hypo 


wn 


blood in the dependent parts of the body and a slight pitting edema is noted 
1 1 


he general nutrition appears good, al ‘re seems to 
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have been recent loss of weight, evidenced by the hollow appearance of the cheeks 
and some wrinkling of the skin of the face; this is in contrast to the general obesity of 
the body 

Burns: The skin of the torso shows a burned area which covers most of the 
anterior surface of the body. The extent of the burn can be seen from the picture taken 
on the day before death (Plate XVIII). The burned areas are brilliant red where 
they are not obscured by islands of yellow-gray, greasy sloughing sheets of debris 
[he surface of the major portion of the burned area is moist and greasy (ointment) 
ind appears granular on close inspection. The denudation is most severe in the right 
groin. Occasionally the transition from normal to burned skin is gradual and almost 
imperceptible to the naked eye, but in most places there is an abrupt change in color 
is well as in gross appearance of the skin. The edges of the burn show scaling of 
the dry and wrinkled skin. There is almost no hair on the burned area of the abdomen 
and only a very scant amount anteriorly on the thighs; the remaining body hair can 
be pulled out with ease. The skin of the scrotum is moist. There are edema and 
discrete areas of slight superficial ulceration, especially on the right side and in the 
anterior middle fold of the scrotum; there is practically no hair on the scrotum. The 
skin of the penis is intact anteriorly, whereas it is moist and superficially denuded 
in small spots posteriorly. 

The gross appearance of the thoracic burn is similar to that of the abdomen 
However, it appears that the burn here is not so severe and the ulceration not so deep 
as that on the lower abdomen. The severity gradually diminishes as it approaches 
the left breast. The major portion of the skin of the right chest wall is grossly intact 
lhere are a few dry superficial excoriations around the right mammilla. These are 
covered with dry, crusty, scaly debris. Several similar dry desquamated yellow 
green spots are found on the skin of the right anterior axillary fold, measuring 2 to 3 
em. in diameter. Hair growth on the chest is rather abundant except in the burned 
ireas 

The skin adjacent to the burn shows a very intense, deep brown, punctate pig- 
mentation, often conspicuously located around hair follicles. The individual pigment 
pots vary in size from a fraction of a millimeter to about 1 mm. in diameter. The 
degree of this pigmentation decreases with increasing distance from the burn. There 
is little pigmentation of the skin of the back except for scattered moles. There is 
extensive hair growth over the sacrum and both buttocks. 

The skin of the anterior aspect of the neck from the level of the larynx down to 
about 1 cm. above the head of the sternum and to the clavicles on either side shows 
a uniform pale gray and faintly blue-brown color in a somewhat collar-like fashion 
The skin here is drv and shows no gross lesions. However, hair is scant in this 
region 

Both hands are swollen and the skin of both shows very extensive lesions. There 

far advanced dry gangrene of all fingers of the right hand, involving the two distal 
phalanges of each finger. The gangrenous portions are fairly sharply demarcated 
from the rest of the fingers. The thumb shows less extensive lesions than the second 


to fifth fingers. The surface of the gangrenous portion is black, dry and leathery, 


with many cracks and wrinkles, whereas the remainder of the burned area is opaque, 
whitish-gray and often yellow-green, and somewhat reminiscent of parchment paper 
\ few black-brown patches are noted here and there in the nongangrenous parts of 
the hand, particularly on the adductor side of the right thumb. The tip of the first 
finger of the left hand shows a small area of dry gangrene 

Che burn involves the palmar and dorsal portions of both hands to about the 
middle of the wrist; in each case it is more severe on the volar surface than on the 


dorsal Che nails of all fingers of the left hand are grossly intact 
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On the flexor side of each forearm the burn extends almost to the cubital fossa 
[he gross appearance of this lesion is quite different from that of the hands. It seems 
to be of a more recent date, resembling the burn of the abdomen. The surface is 
moist and granular and varies in color from pink to brilliant red. The desquamation 
of the skin appears quite deep near the wrist and seems more superficial toward the 
cubital fossa. The demarcation line is fairly sharp and the adjacent, apparently 
healthy skin shows a prominent diffuse and punctate brownish pigmentation. The 
marginal portions of the burn near the cubital region show desquamation and peeling 
of the skin, which is covered by dry scaly debris. Underneath this peeling skin there 
is red and edematous tissue. 

Skin: The intact skin of the rest of the body is pale, with a slight but definite 
yellow tinge. The skin of the face is intact. It, too, is pale and slightly yellow. 
rhere is practically no growth of hair on either cheek, on the upper lip or on the 
anterior portion of the chin. There are a few short hairs under the chin and laterally 
under both mandibles. There is an edematous dark brown mole on the right cheek, 
measuring 6 mm. in diameter and 3 mm. in height. There is considerable hair loss 
over both temporal and parietal bones, as well as over the frontal portions of the scalp. 
Che remainder of the scalp shows an abundant thick growth of dark, fairly short and 
curly hair. 

Face: Both eyes show round and moderately dilated, equal pupils. The irides 
are brown. There is moderate loss of hair of both eyebrows and the remaining hair 
can be pulled out easily. The nose is not remarkable. The mucous membranes of 
the mouth are very pale, and there are several superficial, desquamative and ulcerative 
lesions covered with green-yellow exudate on the left and right sides of the buccal 
cavity. A lesion on the right side measures approximately 2.5 by 3.0 cm., while a 
lesion on the left side is more superficial and smaller. The teeth are in fairly good 
condition and repair. There are several fillings, primarily in the molar teeth. The 
mucosa of the tongue is pale and covered with a gray coating; the surface of the 
tongue is slightly furrowed, particularly at the base, and the papillae are prominent 


Thoracic Cavity 


Both pleural cavities contain a small amount of clear yellow fluid. The parietal 


and visceral pleural surfaces are glistening and smooth on both sides. There are 
some apical adhesions on the right side and a few scattered adhesions posteriorly and 
it the base of the left lung. 

The pericardial cavity is opened with some difficulty. There are a few cubic 
centimeters of a cloudy serofibrinous exudate in the little space that is left between 
the visceral and the parietal pericardium, for the pericardial cavity is largely occluded 
by a shaggy-fibrinous exudate. The exudate can be peeled off from some portions of 
the pericardial surfaces, revealing a shiny surface underneath 


Abdominal Cavity 

The subcutaneous fat tissue is very conspicuous, measuring up to 4 cm. in thick 
ness. There is a small amount of clear amber fluid in the abdominal cavity. The 
large intestine is distended with gas. The omentum covers the small intestine, the 
serosa of which shows blood-distended arborizing vessels in localized regions meas 
uring up to 12 cm. in length. There are five such areas in the ileum. The color of 
the rest of the intestinal tract is a pale red-gray. The parietal and the visceral su 
faces of the peritoneum, including those of the mesentery, are smooth and shiny and 
show no hemorrhages. The arrangement of the abdominal organs is not unusual 
The spleen is soft and enlarged and the liver extends three fingerbreadths below the 
right costal margin. The diaphragm is at the level of the fifth rib on the right side 
and of the fifth interspace on the left 
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Veck Organs 


Only some of the neck organs have been obtained for examination. The lowe1 
part of the trachea and the bifurcation show no gross lesions. The lumen contains 
rothy material and the mucosa is very pale. The lymph nodes at 
the bifurcation of the trachea are pigmented. They are normal in size, and are moist 
on sectioning. A small part of the thyroid shows colloid-containing parenchyma 
rhe mucosa of the esophagus is intact and extremely pale. 


a small amount of 


f 
f 
h 


Thoracic Organs 


The mediastinal lymph nodes are of medium size and show spotted black pig- 
mentation. They are rather dry on sectioning. The thymus is embedded in abund 
ant mediastinal fat tissue, and no thymic parenchyma is grossly recognized on sec- 
tioning 

Heart: The heart is large, weighing 510 gm. The fibrinous exudate described 
earlier covers most of the surface of the heart. Occasionally there are shiny and 
glistening portions which are free of exudate, particularly over the right ventricle 
The exudate is especially thick and abundant over the left ventricle, where it is 
accompanied by many hemorrhages, both punctate and confluent in character. Similar 
exudate, with and without hemorrhage, is found around the large blood vessels as 
they enter and leave the heart. The coronary vessels show no gross abnormalities 
Chere are no thrombi in the pulmonary artery, which is opened in situ. However, 
after removing the heart from the pericardium, a round, rather firm, gray-yellow 
thrombus-like mass measuring 1.5 cm. in diameter is found free in the pericardial 

ivity Its origin is obscure 

The endocardium is smooth and delicate throughout both chambers There 1s 
triking thickening of the endocardium over the interventricular septum This is 
most conspicuous just below the aortic cusps and it diminishes toward the apex 
Che anterior portion of the free leaflet of the mitral valve is delicate and transparent, 
but there is some slight thickening of the posterior leaflet. The chordae tendineae 

lender, thin and delicate There are no gross lesions in the endocardium of the 
left auricle or of the auricular appendage, and no thrombi are seen 

Phe endocardial thickening of the interventricular septum, described in the fore 

extends up to and involves the base and commissures of the aortic 
margins of the cusps are thin and delicate. There are a few small 
yellow plaques in the intima of the aorta at the entrance of the sinus of Valsalva and 
urrounding the mouth of the right coronary artery but not encroaching upon it. The 
the right ventricle and auricle and the intima of the pulmonary artery 
delicate and thin. The right ventricle and auricle are somewhat dilated 
o thrombi in the right side of the heart The ventricles and auricles con- 

, | 


red blood which consists almost ex« lusively of cruor-type clot 


derable thickening of the myocardium of both ventricles and also, 
he auricles. It is most conspicuous in the left ventricle. Thers 


le scarring 


Measurements 


Iricuspid valve 
Pulmonary artery 
Mitral valve 
\orti valve 


Phickness of myocardium 


Left ventricle 1.8-2.0 cm 
Right ventricle 0.6+0.8 cm 
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Aorta: The intima of the aorta is smooth and glistening There are minute, 


lightly raised yellow plaques along the intercostal arteries. All vessels leaving the 
iorta are normal. The intima of the inferior vena cava and of the portal vein like 
wise shows no gross abnormalities 

g 


ppearance There are the afore 


Lungs: The lungs are very much alike in gross ay 


oned adhesions rhe pleura of each lung is smooth and glistening There are 


no subpleural hemorrhages. On sectioning, a fair amount of dark red fluid exudes 
tl e lower lobes and from some portions of the upper lobes The anterior parts 
ll lobes are air containing The cut surfaces of the lower lobes are dark red with 
rhtly bluish tinge, while the remaining lung tissue is rather uniformly red-gray 
rneath the pleura of the right upper lobe in its midportion there is a small 
ed and partially chalky nodule measuring 0.5 cm. in diameter. There is a 
partially calcified lymph node at the hilus. There is no evidence of consolidation 
Che bronchial and hilar lymph nodes contain anthracotic pigment and are not re 
ble The pulmonary blood vessels are intact The mucosa ot the bronchi 1s 


and delicate 


Vertebral bone marrow showing hypocellularity dilated capillaries 
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Vertebral bone marrow showing the maximum degree of cellularity seen in any oi 
the sections. 


{hdominal Organs 


Liver: The capsule of the liver is smooth and glistening. There are two thick 
ened scarred areas, measuring 2.5 by 3.4 and 4.0 cm., on the surface of the right lobe 
[he liver is large and of soft consistency; it weighs 1,860 gm. On sectioning, no 
gross abnormalities are noted, except for the general softness of the parenchyma 
Che color of the liver is deep brown with a tinge of dark red. The lobulation is 
indistinct but the periportal areas are clearly visible. The intrahepatic bile ducts are 
patent and contain liquid bile, and the branches of the hepatic blood vessels show no 
gross lesions 

The gall-bladder is distended with dark green viscous bile which mixes readily 
with water. The mucosa is smooth and velvety and the extrahepatic bile ducts are 
patent. 


Spleen: The spleen is enlarged and soft, weighing 233 gm. and measuring 12.5 
by 3.0 by 2.5m. The capsule is smooth and slightly wrinkled. On sectioning, Mal 
pighian bodies are hardly visible. The red pulp is very soft and much of it can be 


scraped off with the edge of a knife. The trabeculae are not prominent 
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Stomach; The mucosa of the stomach is prominently folded and pale gray-red 
Chere is a moderate amount of mucus closely adherent to parts of the mucosa. There 
are no hemorrhages or ulcers 

Intestines: The small intestine contains bile-stained semiliquid material. The 
mucosa of the duodenum and the jejunum is intact and shows no hemorrhages or 
ulcers. The duodenum contains some bile-stained fluid. The Peyer’s patches are 
very small. The aforementioned dilated blood vessels in portions of the ileum are 
clearly seen in the opened gut. There are no hemorrhages here. The mucosa every- 
where is delicate and smooth. In the transverse colon, there is a roughened, ulcerated 


area covered with exudate and some blood This ulcer measures 3.0 by 4.5 cm. and 


sa | 


Fic. 22. Testicular tissue, the tubules of which are lined with Sertoli cells. A few 
necrotic lining cells are seen in the lumen of one tubule. The thickening and hyalinizatior 
of the basement membranes are conspicuous 








480 . H. HEMPELMANN, H. LISCO, AND J. G. HOFFMAN 


has irregular edges. ‘The rest of the mucosa of the colon as well as that of the 
rectum is smooth 

Mesentery: The mesenteric lymph nodes are rather inconspicuous. They are 
deeply embedded in fat tissue and are small and gray-pink 

Pancreas: The pancreas is embedded in fat tissue and shows no abnormalities 
Ihe pancreatic duct is patent. 

Adrenals: The adrenals are alike in gross appearance. Both are embedded in 
fat tissue. The cortex is pale yellow and the medulla is brown-gray and soft. The 
softening of the medulla is more advanced in the left adrenal. 

Genitourinary Tract: The left kidney weighs 148 gm. and the right kidney 
weighs 155 gm. The measurements for each are 14.0 by 7.5 by 5.5 cm. The capsule 
of the left kidney strips off easily, while that of the right kidney is slightly adherent in 
two places. Beneath the capsule of the right kidney are two well circumscribed, 


iG. 23. Sweat gland of abdominal skin showing slight degree of dissociation of cells of 


secretory portion and advanced squamous metaplasia of duct epithelium. 
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24. Dermal tissue of right hand showing disintegrating sweat gland and edema of the 
corium. Note thrombus in small blood vessel, the wall of which is necrotic 


somewhat elevated areas rhese are yellow-gray, while the rest of the cortical tissue 
is dark red-gray The blood vessels around the two yellow areas are injected. On 
sectioning, the two lesions are seen to extend into the parenchyma in a wedge-shaped 
fashion. The apices protrude into the medulla and are surrounded by a small zone 
| blood vessels. The remaining parenchyma is intact. The cortices of both 
kidneys are dark red, while the medullae are pale gray with a tinge of red. The 
striations are not distinct in the cortex but the pyramids are well differentiated. In 
each case, the kidney pelvis is pale gray and the mucosa is intact. The ureters are 
patent and the linings smooth 
The bladder is contracted and contains about 20 c.c. of cloudy yellow-brown urine. 
The mucosa is wrinkled and pale and is not hemorrhagic. The ureteral openings are 
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patent. The wall is thickened and obviously contracted. The prostate is of normal 
size and shows no gross lesions. Both seminal vesicles contain viscous, mucoid gray 
green material and are not grossly abnormal. The proximal portion of the urethra 
also shows no gross abnormalities. There are a few injected blood vessels in the 
otherwise pale, intact mucosa 

Testes: The testes are slightly smaller than normal. The parenchyma is pak 
brown. The epididymides and vasa deferentia show no gross abnormalities. 


Blood-forming Tissues 


The inguinal and axillary lymph nodes are swollen and very conspicuous. On 
sectioning, the cut surfaces appear pink-gray and moist, as do the retroperitoneal 
lymph nodes. The retroperitoneal fat tissue is abundant 

The bone marrow of the lower lumbar vertebrae is deep red and very soft. The 
marrow in the proximal portion of the diaphysis of the right femur is liquid and deep 
red. Only a small portion of the femoral bone marrow is examined 

The marrow of the crest of the right ilium immediately underneath the burned 
region of the overlying abdominal skin likewise is liquid and red. 


Cranial Cavity 


Not examined 


B. Gross Proroco, AND SELECTED PHOTOMICROGRAPHS 


Case 3 
rlernal Appearance 


rhe body is that of a slender, athletically built, well developed young man whose 
age is given as 35 years. The body is in good nutritional state; it measures 168 cm 
in length and the weight is estimated to be 65 to 70 kg.; it is still warm with the 
exception of both hands and about one-third of the forearms, which had been placed in 
ice during life 

Rigor mortis is present in the neck and is especially pronounced in the muscles 
of the jaws. There is beginning rigor mortis in both knee joints but none in the rest 
of the body. There is no gross evidence of edema except in the scrotum 

Skin: The skin is intact and its color is uniformly dark yellow with a slight 
bronze-brown tinge, particularly noticeable in the face. (It is of interest that about 
an hour after this observation was made the yellow discoloration had faded con 
siderably and had given place at the end of the examination, about three hours later, 
to an ashen-gray color with only a slight yellow tinge. This transition was noted 
only in the skin of the face, whereas the rest of the body still retained the appearance 
described earlier.) 

Livor mortis involves large portions of the skin in the form of irregularly out- 
lined, small and large areas of bluish-purple. The discoloration fades promptly on 
pressure and reappears quickly with the release of pressure. It is particularly exten- 
sive on the dorsal and lateral aspects of the neck on the left side and involves the 
entire left ear. It extends down the back and involves both buttocks and the dependent 
parts of the lower extremities, with the exception of those areas which are in contact 
with the table. Similar but smaller patches of livor mortis also are noted in certain 
nondependent parts of the body: on both shoulders, the anterior chest wall and, to a 
lesser extent, on the abdomen and on both thighs 

Hair: There is no evidence of hair loss. The hair of the head is short and black 
with a sprinkling of gray, especially on the temples. Examination of the skin on 
both cheeks, the chin and the upper lip reveals an apparently normal amount of hair 
in the form of very short whiskers. The hair of both eyebrows is normal in density 
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and brownish-black. Hair growth is scanty about both mammae and moderate im 
amount in both axillae. The distribution of the pubic hair is male in type, and strands 
of it can be pulled out of the skin with greater ease and in greater amounts than usual 
There is a wartlike dry thickening of the skin about 2 cm. below and medial to the 
right acromion anteriorly, measuring 5 by 3 by 3 mm 

Head: The features are regular. Both eyes appear to be sunken into the orbits 
he sclerae of both eyes are dry and show a faint but distinct yellow tinge. There are 
two hemorrhages in the sclera of the left eye measuring 4.0 by 4.0 mm., and one 
hemorrhagic area in the medial aspect of the sclera of the right eye measuring 6.0 by 
4.0 mm rhe irides are deep brown, and both pupils are regular and round but some- 
what dilated. The external auditory canals and nostrils are normal. The mucosa 
of both lips and of the gums is dry, very pale and slightly wrinkled. There are a 
few vertical fissure-like grooves in the gums of the lower and upper jaws but no 
ulcers are seet The mouth cannot be opened because of severe rigor mortis. The 
teeth that can be examined appear to be in good condition. 

Body: The abdomen is somewhat distended. There are purple-red hemorrhages 
in the skin of the abdomen, especially on the right side. These measure from less 
than 1 mm. to 2 mm. in diameter and occur singly or in small groups. Similar 
hemorrhages are noted in the skin on the right side of the thorax. There is a large 
subcutaneous hematoma in the right cubital region measuring about 15 cm. in length 
and up to 8 cm. in width. The skin here is a mottled, deep purple-blue 

The scrotum is edematous and enlarged: however, the skin is still wrinkled 
It is moist in some places but no ulcerations are seen. Both testes are in the scrotum 
they appear soft 

The skin of both arms has the same general appearance as the rest of the body 
rhe right hand is cold, swollen and edematous. The edema involves primarily the 
palm and, to a lesser extent, the dorsum. All fingers are swollen but the skin retains 
some wrinkles. The skin of the whole hand, including the fingers, is mottled pale 
blue-gray up to the middle of the wrist joint onto the forearm in a semi-elliptical 
fashion for about 6 cm 

The left hand is decidedly more swollen than the right, and many blisters are 
noted. One large blister occupies a considerable portion of the thenar eminence and 
the palm, and extends upwards and outwards to the dorsum of the hand between the 
index and middle fingers. It measures about 4.5 by 8.0 cm. in diameter. There are 
eight more blisters between the fingers, most of which are filled with a clear yellow 
fluid. These blisters measure from 5 mm. to 2.5cm. The color and gross appearance 
of the skin are similar to those of the right hand. No ulcerations are seen. The 
discoloration likewise extends to about the middle of the wrist joint on the dorsum, 
whereas on the flexor aspect it involves the forearm halfway to the cubital fossa in 
a semi-elliptical manner. There is a grayish, pale blue scar on the left side of the 
forearm about 4 cm. above the wrist joint. 

On making the typical Y-shaped incision of the skin, blood exudes freely from 
all cut surfaces. There is no evidence of clotting except where blood remains in con 
tact with exposed tissues for long periods of time (30 to 45 minutes ) 


Thoracic Cavity 

[he cartilage of both first ribs is calcified. On opening the thorax, many small 
hemorrhages are seen in the mediastinal fat tissue and in the parietal pleura on either 
side. There is very little free fluid in either pleural cavity and there are no adhesions 
The surfaces are glistening and moist. The surfaces of the pericardium are shiny; 
the cavity contains about 50 c.c. of clear yellow fluid. In the parietal pericardium there 
are hemorrhages measuring from 1 to 4 mm. These are either single or in groups, 
especially near the reflection of the pericardium. Blood pours from the pulmonary 
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artery on opening it in situ. The mediastinal lymph nodes are small and incon 
spicuous ; most of them are gray-pink. No thymic parenchyma is seen on sectioning 


the precordial fat tissue 


fhdominal Cavity 


On opening the abdomen, distended and gas-filled loops of small intestine pro 
trude from the incision. There are approximatély 400 c.c. of a yellow-brown, slightly 
turbid fluid in the peritoneal cavity. The peritoneal surfaces are smooth and glisten 
ing. There are numerous petechiae in the parietal and visceral peritoneum, in the 
omentum, mesentery and pelvic cavity. The liver extends about three fingerbreadths 
below the costal margin and more to the left than usual. The dome of the diaphragm 
is in the fifth interspace on the right side and in the sixth interspace on the left. The 
stomach is distended with gas and fluid, and there are small petechiae in the serosa 
especially in the pyloric region. The spleen is enlarged and soft. The appendix is 
in a retrocecal position. The intestines are uniformly distended with gas; they are 
flabby and mottled gray-red. The omentum is folded up in the left upper quadrant 
lhe subcutaneous fat of the abdominal wall measures up to 2 cm. in thickness. Bloody 
fluid exudes freely from all cut surfaces 


Veck Organs 


The lower portion of the trachea contains frothy material; its mucosa is intact 
but covered by a thin film of mucus slightly tinged with blood. The cervical lymph 
nodes are pigmented and small. 

The distal third of the esophagus shows brownish-gray, intact mucosa. There 
is a small grayish-white membrane 3 cm. above the cardia, measuring 3 mm. in 
diameter The rest of the neck organs are not obtained for examination 


Thoracic Organs 


Heart: The heart is normal in size, weighing 315 gm. The epicardium is glisten- 
ing and smooth throughout. Underneath it there are numerous fresh hemorrhages 
varying in diameter from less than a millimeter to 1 cm. These are located primarily 
along the course of the circumflex branch of the left coronary artery and on the 
anterior surface of the left ventricle. They are also very conspicuous under the 
epicardium of both auricles and in the subepicardial fat tissue at the base of the heart 
around the trunks of the great arteries and veins. A few scattered punctate hemor- 
rhages are noted over the right ventricle. Similar, although fewer, foci of extra- 
vasated blood are seen in the endocardium. These are about equal in number in both 
ventricular chambers. There are some in the right auricle and none in the left. The 
endocardium of both auricles and ventricles is smooth, thin and transparent. The 
heart valves are intact and competent. There is a peculiar gelatinous edema involving 
about 2 cm. of the length of the free margin of the posterior leaflet of the mitral valve 
This valve contains a prominent raised yellowish atheromatous plaque on the aortic 
surface measuring 1 cm. in length and up to 3 mm. in width. The chordae tendineae 
are intact. A considerable number of small hemorrhages are noticed in the myo 
cardium at the apex of the left ventricle; only a few are noted elsewhere in the 
myocardium. Similar lesions are seen in the subepicardial fat tissue and myocardium 
of the right auricle 

Che intima of the left coronary artery shows numerous yellowish raised patches 
of atheromatous material. Some of them are calcified. These changes are especially 
striking at the bifurcation of the left coronary artery Che right coronary artery is 
embedded in abundant fat tissue and shows no evidence of arteriosclerosis. Discrete 
and small pale yellow patches are seen in the intima of the arch of the aorta and in the 
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sinuses of Valsalva 


The mouths of the coronary arteries are open and not en- 
croached upon by arteriosclerotic changes. 


Measurements 


lricuspid valve 11.0 cm 
Pulmonary valve 6.5 cm 
Mitral valve 8.0 cm. 
\ortic valve 6.0 cm 


rhickness of myocardium 


Left ventricle 1.6 cm 
Right ventricle 0.4-0.6 cm 


Lungs: The lungs are alike in gross appearance. They are very heavy and the 
pleura of each is smooth and shiny. The bronchi contain blood-tinged mucus which 
adheres to the mucosa; the latter is smooth and intact and shows scattered small 


petechiae. The smaller branches of the bronchial tree of both lower lobes and the 





Fic. 25. Vertebral bone marrow illustrating practically complete aplasia with dilated 
sinuses, edema and hemorrhage. The islands of cells seen are extravasated red blood cells. 


No granulocytopoiesis is present. 








486 H. HEMPELMANN, H. LISCO, AND J. G. HOFFMAN 


posterior portions of both lungs contain acid-smelling brownish-gray fluid material 
similar in appearance to the stomach contents. The bronchial lymph nodes are deep 
blue-black and normal in size. The intima of the main branches of the pulmonary 
artery shows a few yellow patches measuring up to 3 mm. in diameter 

[he major portion of the lung tissue of the right and left upper lobes is air 
containing, and small patches of the anterior portions of the remaining parenchyma 
of both lungs likewise contain air. The remaining portions of the lungs are filled 
with fluid; much blood-stained liquid exudes from the cut surfaces. Many discrete 
foci of gray, granular consolidation are noted in both lower lobes. They measure up 
to 2 cm. in diameter and are quite prominent in the otherwise dark purple-blue lung 
f both lower lobes have a striking sour odor 
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tissue The cut surfaces o 
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Fic. 26. Testicular tissue in which the germinal epithelium is markedly damaged 
Necrotic spermatocytes and spermatozoa are seen in the lumina of the tubules. The absence 
of spermatozoa is striking 
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Abdominal skin. Note the vacuolation of epidermal cells and the loss of normal 
stratification of cell layers. The dermal tissue is edematous 


Che cut surfaces of both upper lobes are red-gray and most of the tissue here is 
air-containing 


Abdominal Organs 

Gastrointestinal Tract: The stomach contains gas and a considerable amount of 
sour-smelling dark brownish fluid with amorphous granular material suspended in it 
The mucosa is intact and is covered by a film of tenacious mucous material that is 
tinged with blood. Throughout the mucosa numerous dilated and blood filled small 
vessels are seen. These are especially striking in the fundus 


There are scattered 
small petechiae. 


In the pyloric region more petechiae are seen and the mucosa is 
hrown into prominent folds 


Chere is a small amount of bile-stained fluid mixed with mucus in the duodenum 


ind jejunum. The mucosa appears intact, and engorged blood vessels are again 
prominent. Of special interest are numerous discrete yellow and granular spots 


throughout the mucosa of the duodenum and the proximal portion of the jejunum 
they measure from | to 3 mm. in diameter 
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Fic. 28. Moderately advanced squamous metaplasia of duct epithelium of sweat gland in 
subcutaneous tissue. 


Che serosa of the whole intestinal tract is smooth and glistening. The intestine 
is filled with gas and sour-smelling semi-liquid material of dark brown color. There 
are scattered subserosal hemorrhages, especially in the ileum. The small intestine, 
as a whole, shows an extreme degree of congestion of blood vessels. The intensity 
of congestion varies from place to place. The distended blood-filled vessels are par- 
ticularly striking in the duodenum, the jejunum and in the proximal part of the ileum 

Che mucosa of the intestine is edematous in some places and intensely reddened 
By far the major portion of this reddening is due to intravascular blood and relatively 
few hemorrhages are seen. However, some are observed in the jejunum which 
measure up to 1.5 cm. Scattered petechiae measuring 1 to 5 mm. are found in the 
ileum and in the colon. In the jejunum there are four isolated yellow-brown patches 
of soft, spongy consistency. These are 4 cm. or less in diameter. They are irregular 
in shape and outline, and measure up to 4 mm. in thickness. The remainder of the 
mucosa of the jejunum is either deep red or covered by irregular membranous patches 
of yellow-greenish exudate. This material covers large parts of the mucosa in con- 
tinuous sheets in some regions, whereas in others, only the folds of the mucosa are 
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covered, and the intervening parts have an intense deep red color. Compared with 
the duodenum and jejunum, the ileum is moderately reddened and only few areas are¢ 
covered with exudate. Hemorrhages not larger than 3 mm. are occasionally observed 

At the ileocecal junction the reddening is more intense and a few patches of 
greenish-gray exudate are seen. The mucosa of the cecum and of parts of the ascend 
ing colon is likewise reddened, due to intense engorgement of blood vessels of all sizes 
Che transverse colon is pale in comparison with other regions. A few discrete hemor 
rhages are seen in the colon, the largest being in the transverse colon and measuring 
1.3 cm. in diameter. The mucosa of the sigmoid colon is again rather diffusely red 
ened and hemorrhages are more numerous. There are a few places where the 
mucosa is covered by greenish-gray exudate but no ulcers are seen. 

The mucosa of the rectum is, in general, similar to that of the sigmoid colon, 
iltthough the reddening is more intense and there is more exudate on the mucosa 

Vesentery: The peritoneal surfaces are smooth and glistening The small blood 
vessels of the mesentery are prominently distended with blood, forming a striking 
arborizing pattern. Scattered about in the fat tissue are many purple-bluish lymph 
nodes, measuring from about 3 mm. to 1 cm. in diameter. On sectioning, most of 
them are pinkish-gray, but occasional lymph nodes show gross evidence of hemor 
rhage. No lesions are seen in the mesenteric arteries and veins 


Liver: The liver is enlarged, weighing 1,995 gm. and measuring 32 by 25 by 15.5 
rhe capsule is smooth and through it the mottled-brown color of the parenchyma 


29. Epithelial lining of crypt of small intestine showing a cell dying in mitosis 
Note the free chromosome fragments in the cytoplasm. The other cell nuclei are swollen 
and show accentuation of chromatin material 











HEMPELMANN, H. LISCO, AND |. G. HOFFMAN 


— , 
of cell death referred to in the 


Fic. 30. Unidentified cell illustrating the “exploding” type 
text 


Much blood exudes from the cut surface. The parenchyma is soft and 


net; the central veins stand out prominently, and the parenchyma 
visible, and the bile ducts 


can be seen 
the lobulation dist 


h-gray he periportal areas are 


around them is brownis 
and blood vessels are patent 
The gall-bladder is distended and filled with dark-green viscous bile The 
mucosa is smooth and velvety with streaks of white-gray. The extrahepatic bile 
ducts are patent and the mucosa is bile-stained 

Spleen: The sj enlarged and soft. It weighs 240 gm. and measures 14 
by 9 by 3 cm is slightly wrinkled and through it the deep purple-blue 
color of the parenchyma is seen. The cut surface shows a uniform deep red and 
The trabeculae and blood vessels are clearly seen 


reddish-blue color throughout 
be distinguished. The splenic pulp is quite soft and the 


but no Malpighian bodies can 
exuding fluid consists almost wholly of blood 

Pancreas: The pancreas is embedded in fat tissue. It shows no gross abnormali 
} 


ties. The pancreatic duct is patent and the lobulation well preserved 
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Adrenals: Both adrenals are of normal size. The cortical zones show patchy 
yellow pigmentation, whereas the intermediate zones are light browt The medulla 
is dark gray 

Genitourinary Tract: The left kidney weighs 190 gm. and measures 12.5 by 5.0 
by 3.5cm. The capsule strips with ease. There is an aberrant blood vessel entering 
the anterior surface [he surface shows numerous small depressed scars and faint 
emnants of fetal lobulation. There are a few bright yellow, circumscribed, nodular 
and slightly-raised areas measuring from 2 to 4 mm. in diameter. The remainder of 
the surface is deep red to reddish-gray, and the blood vessels are engorged 

On the cut surface the yellow nodular foci are seen to extend into the parenchyma 
of the cortex for distances of from 2 to8 mm. The rest of the cortical tissue is intact 
Che pyramids are clearly seen and most of them show very distinct striations. How 
ever, some pyramids show compact and at times slightly streaked yellow areas at the 
apices. Some of these lesions measure up to 8 mm. in length and 4 mm. in width 
Che mucosa of the kidney pelvis is smootl There are a few minute petechiae in the 
mucosa 

The right kidney weighs 155 gm. and measures 12.5 by 5.5 by 3.0 cm The 

1 


apsule strips less easily and is adherent in a few places. Jhe gross appearance of 


a 
this kidney is essentially the same as that of the left 


Che urinary bladder is contracted and contains no urine. The mucosa is thrown 
it is pale pink-gray and shows a few recent hemorrhages in the 
[he ureteral openings are patent and the mucosa of each 


intact 


Fic. 31. Epithelial cell in a crypt of the small intestine. The nucleus is dividing in an 
abnormal manner. This leads to cell death during mitosis 
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The prostate is normal in size. There is a considerable amount of black pig- 
mentation on the cut surface and at least one calcified concretion is encountered 
The seminal vesicles are filled with gelatinous, greenish-gray material 

Both testes are of soft consistency. Their cut surfaces show a light brown 
parenchyma. The left testis and epididymis weigh 21 gm. The right testis and 
epididymis weigh 23.5 gm 


Blood-Forming Tissues 


[he bone marrow of the ribs, the sternum and the vertebrae is deep red and 
quite soft. A small portion of marrow from the upper third of the shaft of the femur 
contains very soft and gelatinous fat, with islands of red throughout. The lymph 
nodes of both axillae are small and pinkish-gray. No lymph nodes can be located 
in either groin in spite of prolonged search 


Retroperitoneal Tissues 


The aorta throughout its course shows many raised yellow intimal patches. 
These are more numerous in the arch and in the thoracic portion than elsewhere. 
The aorta is quite elastic. There is no evidence of arteriosclerosis in the larger 


branches, such as the renal and mesenteric arteries. No lesions are seen in the 
inferior vena cava or in the portal vein. The retroperitoneal lymph nodes are palpa- 
ble and, on sectioning, are gray-pink. 
Skeletal Tissues 

Large portions of the rectus abdominis muscle show a distinct yellow-gray 
streaking, and some portions of the thoracic musculature show similar changes 
Cranial Cavity 


Not examined 
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B. Statistical Analysis of Erythrocyte Count and Hemoglobin 
Case 6 
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* Blood counts prior to accident had all been done at sea level and are not comparable to 
these studies at an elevation of 7300 ft 
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Radiology 52: 846, 1949. 

Zirkle, R. E., Roper, J. R., Riley, E. F., and Stapleton, G 


and gamma rays in their acute lethal action, AECD-2328, June 5, 1945 


components ot the acute lethal action of slow neutrons 


Relationships between chemical and biological effects of ionizing radiations. 


E.: Additivity of fast neutrons 





Case 1 (Plates I-X VIII) 


(Plates II], V, VIII, XI, XIV, and XVIII by permission of 


Surgery, Gynecology and Obstetrics) 

















Piate \ Palmar view of the right hand nine days after exposure The epidermis 
as been cut away There was no blanching of the dermis of the palm on pressure he 
telt quite cold to the toucl No radial pulsation could be felt 








alter exposure The fing 
The nails of the thumb 
he hand is still evident 
dermis which was pink 1 





ate VII. Palmar view of the righ 5 days after « 


was drier than before It was light red in color with sm: 


was still wart to ¢ touctl 








Pirate IX almar view rm nd : ss es. age 


were quite pale 


fingers is evident 





ia and nec 





eXposure 





exposure sl blister that m 


less swollet 





picdermis 


agic arcas 





ates . ttl | 


Piate XIII. Dorsal view of the left hand 24 days after exposure. The color of the 
dermis was still pink, with evidence of good circulation. The desquamation extended up to 
the wrist 





Pirate XIV. Palmar view of the left hand 24 days after exposure, showing the dark 
red, gangrenous color of the thumb. The nails were still in place 





Pirate X\ Torso and lower part of the face 12 days after exposure Chis picture 
shows the stomatitis and abdominal distentior The white membrane on the edge of the 
tongue can be seer The erythema of the trunk can be seen in this picture 





XVI. Close-up of the face 12 days after exposur: 


membrane ot t ngue and of the cracking 


naevus on the right check 














Case 3 (Plates XIX-XXIV) 








blisters 


the left hand three days alter exposure 
ot 


Pirate XIX. Dorsal view ot 
betwee well visualized The skin of the dorsum showed a pat 


e retrigeratiot this extremity 





three days after exposure, showing blisters 


vas qhite cyanotic with ns of early gangrene 
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SURGICAL pascica. 


PHYSIOLOGIC 


CKRE 


By ROBERT ELMAN, M.D., F.A.C.S. 
Prof. of Clin. Surgery, Washington Univ. School of Medicine, 
Director, Surgical Service, Homer G. Phillips Hosp., St. Louis 


In this new text the author ts tive of therapy de med 
z presents positive programs py 


© Improve the condition of the patient as an 
operative 


©: Rednay, peiingetis. 56t RENT 


® Reduce surgical mortality. 
® Promote early restoration of health and functional 
efficiency. 


It is based on the modern concept of sound physiological and biochemic« 
knowledge of what the human body can and cannot itself accomplish. . 


It acknowledges the current thinking that much recent surgical ac nc 
has been due to improved care of the patient outside the operating room anc 
the certainty that such care has extended the field of surgery by naking 
many more patients good operative risks even for extensive procedures. 

Nutritional factors in surgery are covered in 66 pages and latest s gic: 
uses of antibodies are discussed. Preoperative study and preparation « 
covered in considerable detail and some aspects of surgical i is are in 
cluded because they so f uently affect the postoperative course in a decisi 
way. Brief case reports ustrate mistakes as well : 


The chapters on Anesthesia and on Inhalation Therapy and Resuscita 
tion have been contributed by Meyer Saklad, M.D., Providence, R. I., Chie’ 
Anesthetist, Rhode Island Hospital, Providence. 


580 Pages 75 Wlustrations Publ. Sept. 195! $8.00C 


APPLETON-CENTURY-CROFTS, INC. 
35 West 32nd Street, New York I, N. Y. 
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Announcing 2 important NEL 
books for your 


TONSIL reference librarv 


AND ALLI ED Although tonsillectomy is the most frequently per- 

formed operational procedure, there is no separate mono- 
graph on the subject, nor do any of the textbooks of surgery 
P R 0 B L E M S give complete diagnostic details, techniques, and dangers of 
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complications. 
Se Dr. Parkinson, widely known in the field of otolaryn- 
gology, presents here an accurate, assiduous, and compre- 
Roy H. Parkinson.MD hensive study of the subject, including embryology, histology 
and anatomy as well as surgical anat- 
—=———-= omy and clinical applications. 


The illustrations are equalled in 
| few other medical publications. The 
» | photomicrographs were made by the 

' author with painstaking exactness, 
while the line cuts and wash drawings 
were made on the scene of the operation 
or on cadavers. The author has included 
in the text brief descriptions of such sys- 
tematic diseases as pertain either directly 
or indirectly to the tonsil. 





over 200 illustrations 
published Nov. ’51 $12.00 


CLINICAL BALLISTOCARDIOGRAPH Y 


By H. R. Brown, Jr., M.D. V. de Lalla, Jr., M.D. 
M. A. Epstein, M.D. and M. J. Hoffman, M.D. 


Dr. Brown and his co-workers now offer information concerning ballistocardi- 
ography, its value, its history, the various types of apparatus used, limitations, 
and the cardiac disorders which may be diagnosed through the use of ballisto- 
cardiographic apparatus. 


to be published in March illus. prob. price $5.50 


I Please send rie the books checked below. I will either remit in full 
or return the books in 10 days. 


I 
Ma cmillan (J Parkinson: TONSIL AND ALLIED PROBLEMS 
! (J Brown: CLINICAL BALLISTOCARDIOGRAPHY 
| Name : 
Address 
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G & S Publications for the Internist 
METABOLISM 


Clinical and Experimental 


Editor-in-Chief, SAMUEL SOSKIN, M.D., F.A.C.P. 


METABOLISM 


hensive in its aims, specific 


MEDICINE 


{ssociate Editor, FULLER ALBRIGHT, M.D. 


\ new journal filling a definite need, broad and compre 
its applications. 


Here will be found the most 


recent advances in metabolism as they apply directly to the problems of the 
specialist, general practitioner and research worker. 


The journal promises up-to-date and regular coverage of the metabolic 


aspects of nutrition, endocrines, genetics, dystrophies, diabetes and gout. 


At- 


tention will also be given to the metabolic aspects of the growing list of specific 


drugs, biologicals and antibiotics. 


Balancing the clinical and investigative in its contents, METABOLISM 
will present important communications in each of the above mentioned categories 


with the impact and advantages of correlation in a specialized journal. 


Here 


will be brought together material never before assembled for the physician be- 
tween the covers of an English-language medical periodical. 


Published bimonthly. 
Volume I, Number 1, 


One volume of about 575 pages per year. 
January, 1952. 


Subscription price $9.00; 


foreign $10.00. 


FUNDAMENTALS OF 
CLINICAL FLUOROSCOPY 
With Essentials of 


DIFFERENTIAL DIAGNOSIS 
OF INTERNAL DISEASES 


Clinical Analysis and Synthesis 


of Symptoms and Signs 


Roentgen Interpretation 


CHARLES B. STORCH, M.D. 
Beth-El Hospital, Br 


JULIUS BAUER, M.D., F.A.C.P. 


klyn College Medical Evangelists, Los Angeles 
oing diagnosti in 
ven indispensabi 


toner im 


nasterly fashion, this book presents a vast 
, storcho 


diagnosis."’— P. 


ise of information relating to the art of medica 


terad. Med. 
217 illustrations $6.75 56 illustrations $12.00 


205 large format pages 884 pages 


THE THORACIC SURGICAL PATIENT 
Preoperative, Anesthetic and Postoperative Care 
LEW A. HOCHBERG, M.D., Formerly, State University of New York Medical Sch 
Frank B. Berry, M.D. 


Foreword by 


Here is a book covering all phases of the care of the thoracic surgical patient. Written especially for the 
members of the surgical team—a// who are charged with the care of the patient—the text is not strictly surgical, but 
stresses instead the considerations which surround surgery. The operation is dealt with as but one phase in the 


patient's care; it cannot be divorced from what went on before surgery nor from what will take place after it. 


As Dr. Frank B. Berry says in the Foreword, this text “fills a long-standing gap and may be read with great 


profit by teacher,"clinician and student alike.” 


365 pages index, bibliog. $8.75 





381 Fourth Avenue 
New York 16, N.Y. 
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Books of Interest to Practicing Physicians 


Be Sure to Visit the Lea & Febiger Exhibit at Booth 50 
American College of Physicians, Cleveland, Ohio, April 21 to 25, 1952 


MUSSER-WOHL— 
INTERNAL MEDICINE 
Edited by MICHAEL G. WOHL, M.D., Temple | 
University School of Medicine, Philadelphia. 

81 Contributors. 1563 pages, 7" z 10”. 236 illus. | 

and 10 plates in color. New (5th) Edition. $15.00 | 


MASTER, MOSER and JAFFE— 
CARDIAC EMERGENCIES and 
HEART FAILURE 


Prevention and Treatment. By Arruur M. Mas- | 
rer, M.D., Marvin Moser, M.D., and Harry | 
L. Jarre, M.D., Mount Sinai Hospital, New York 


Vew. Illustrated. Jn press 


GOLDBERGER—HEART DISEASE 
M.D., Montefiore | 


About 115 pages. 


By Emanvuet GoLpBercer, 
Hospital, New York. 
$10.00. | 


Vew. 229 illus. on 90 figures. 
| 


WINTROBE—CLINICAL 
HEMATOLOGY 
By Maxwett M. Winrrose, M.D., College of | 
Medicine, University of Utah. 

Vew (3rd) Edition. 1048 pages. 

and 17 plates, 13 in color. $12.50. 

GROLLMAN--PHARMACOLOGY and 
THERAPEUTICS 
By Arruur Grotuman, M.D., F.A.C.P., South- | 
western Medical School, University of Texas. 

Vew. 104 illustrations. $10.00. 


PECK and KLEIN--THERAPY of 
DERMATOLOGIC DISORDERS 


By Samuet M. Peck, M.D., Columbia Univer- 
sity, New York City; and Grorce Kiet, M.D., 
New York Medical College. 


651 pages. 


220 illustrations | 


| 


828 pages. 


Vew. 383 pages. Illustrated. $6.50. 
CRAIG and FAUST—-CLINICAL 
PARASITOLOGY 


By the late Cuarntes Frankuwn Craic, M.D., 
and Ernest Carrot, Faust, Ph.D., Tulane 
MUniversity of Louisiana. 
Vew (5th) Edition. 1032 pages. 326 illustrations 
' 





and 6 plates in color. 16 tables. $12.00. 


BRIDGES—DIETETICS for the 
CLINICIAN 
By the late Minton A. Bripces, M.D. Edited 
by Harry J. Jounson, M.D., F.A.C.P., Post- 
Graduate Medical School, Columbia University. 


Fifth Edition. 898 pages. 84 tables. $12.00. 


| color. 


HERBUT—-UROLOGICAL PATHOLOGY 
In Two Volumes. By Peren A. Hersut, M.D., 

§ Jefferson Medical College, Philadelphia, Pa. 

New. 


WARREN and LeCOMPTE— 
PATHOLOGY of DIABETES 
MELLITUS 
$y Suretps Warren, M.D., Sc.D., and Pause 
M. LeCompre, M.D., Harvard Medical School, 

§ Boston, Massachusetts. 

New (3rd) Edition. 


COLLINS—-FUNDAMENTALS of 
ANESTHESIOLOGY 
By Vincent J. Coutts, 
Hospital, New York, N. Y. 

New. 


SOFFER—DISEASES of the 
ENDOCRINE GLANDS 
By Louts J. Sorren, M.D., Mount Sinai Hospital, 
New York City. 
Vew. 1142 pages. 
$15.00. 


LEWIN-—THE KNEE 
Injuries, Deformities, Diseases, Disabilities. By 
Puri Lewin, M.D., F.A.C.S., F.LC.S., North- 
western University Medical School. 

Vew. 


EPSTEIN—REGIONAL 
DERMATOLOGIC DIAGNOSIS 
By Ervin Epstretn, M.D., Stanford University 
Medical School, California. 

328 pages. 148 illustrations. $6.00. 


LEVINSON and MacFATE— 
CLIN. LABORATORY DIAGNOSIS 
By S. A. Levivson, M.D., and R. P. MacFare, 
Ch.E., Ph.D., University of Iinois College of 
Medicine, Chicago. 
New (4th) Edition. 


and 13 plates, 10 in color. 


PULLEN-—-COMMU NICABLE 
DISEASES 
By 54 Contributors. Edited by Roscoe L. 
Putten, M.D., F.A.C.P., School of Medicine, 
Tulane University, New Orleans, La. 

1035 pages, 616" x 10". 253 illustrations and 35 in 

color on 20 plates. $20.00. 


In press. 


In press. 


M.D., St. Vincent's 


In press. 


88 illustrations and 3 plates in 


In press. 


221 illustrations 


1146 pages. 
$12.00. 


117 tables. 


LEA & FEBIGER 


Please send me books indicated. ((] Check enclosed. 


DR. (please print) . . 
CITY 
A.1.M. 2-52) 


Washington Square 

Philadelphia 6, Pa. 
() Billme. (J Charge on your partial payment plan. 
ADDRESS 
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X-RAY INTERPRETATION 
New Second Edition. 440 pages. 287 Illustrations. $5.50 

By H. Cecit H. Butt, M.D., B.Ch., M.R.C.P., Honorary Radi- 

ologist, Royal Waterloo Hospital, London, and General Hospital, 

Southend-on-Sea. 
This volume links the radiologist’s report and the case history and is a guide to the 
correct understanding of the former and its integration with the latter into the 
clinical diagnosis. Containing not a single photograph, it is copiously illustrated 
with line diagrams, each a key to the interpretation of conventional radiographs and 
the salient diagnostic features of x-ray film. 


SOME COMMON PSYCHOSOMATIC MANIFESTATIONS 
Second Edition Revised and Enlarged. 296 Pages. Cloth, $3.75 
By J. Barrie Murray, M.A., M.D. (Cantab.), M.R.C.P., Diagnostic Physician, 
Tavistock Clinic; Physician, Bolingbroke Hospital, London. 

With nearly triple the contents of the first edition, this practical contribution to differential diagnosis aids 


the physician to distinguish between the symptoms of organic and functional disorders. The book is con- 
cerned entirely with the physical expressions of emotions irrespective of the personalities of patients. 


Cases include all types of abnormal and normal personality. 


DIAGNOSIS AND TREATMENT OF INTRATHORACIC NEW GROWTHS 





253 Pages. 169 Illustrations. $8.75 
By Maurice Davipson, M.D., F.R.C.P., Consulting Physician, Brompton Hospital 
for Consumption and Diseases of the Chest; Davip SmirHers, M.D., D.M R., Pro- 
fessor of Radiotherapy, University of London; and Oswatp S. Tusss, F.R.C.S., 
Thoracic Surgeon to St. Bartholomew's Hospital, London. 
In this monograph three eminent authorities have combined to present as full a picture as modern know!l- 
edge allows, including pathology, differential diagnosis and treatment by radiotherapy and surgery. The 
volume is a complete survey of the subject and is planned for all professional medical men. 


OXFORD UNIVERSITY PRESS, INC., 114 Fifth Ave., New York 11, N.Y. 





In MASSIVE EDEMA... 


SOUTHEY-LEECH TUBES 


Your hospital should have them ready for your 
emergency use. Rapid—no sodium depletion. 


“The definite indication for the use of Southey-Leech Tubes is the 
presence of massive soft pitting edema, whether in the nephrotic 
syndrome, congestive heart failure or other diseases, which has failed 
to respond to the usual therapeutic measures.” * 


*Fiese, M. J., and Thayer, J. M.: Archives Int. Med. 85:132 (Jan.) 1950 


$12.00 per set —6 tubes and trocar, with drainage tubing 


Please send sets of Southey-Leech ! will be glad to use this con- 
Tubes, complete with trocar and drainage , venient order blank. 
tubing at $12.00 per set to: 


ae The Briggs Company 


Street: 
—_—_—— —_ me — l 82 WATERMAN ST. 
PROVIDENCE 6, RHODE ISLAND 


Clip Coupon Today 7 ( At your request, your hospital 








City: or ae ; 


Please Mention this Journal when writing to Advertisers 





ANNALS OF INTERNAL MEDICINE 








New books and new editions from Williams & Wilhins 


TEXTBOOK OF CLINICAL PATHOLOGY, Fourth Edition 
Edited by Sewarp E. Mriier, M.D. (formerly edited by Roy R. Kracke and Francis P. Parker). 
With 7 contributors 
Fourth edition completely redesigned, emphasizing the basic scientific facts, interpretation, and 
evaluation of laboratory diagnostic procedures. Shows you how to use the clinical laboratory to 
best advantage: what test to order, how and when to order it, how to understand the results. 
1077 pp., 203 figs., 44 plates, 34 in color, $9.00 


MODERN ELECTROCARDIOGRAPHY 
Volume I. The P-Q-R-S-T-U Complex 
By Eucene Lepescuxin, M.D. With a foreword by F. N. WrLson 
Clarifies your problems and answers your questions—clearly and completely. Gives you the 


ultimate in electrocardiographic knowledge, classified and interpreted according to the latest 
scientific standard. Volume II: “Disturbances of Cardiac Rhythm”’ will appear at a later date. 


612 pp., 91 figs., $12.00 


THE CHILD IN HEALTH AND DISEASE, Second Edition 
A Textbook for Students and Practitioners of Medicine 

Edited by Cuirrorp G. Grutee, M.D., and R. Cannon ELtey, M.D. With 87 contributors 

The brand-new second edition is the newest and most up-to-date pediatrics text: with 207 more 
pages than the first edition, 8 more chapters, two additional color plates, 109 more illustrations 
and a thorough revision. New subjects include adoption, medical supervision of summer camps, 
cardiovascular surgery, viral hepatitis, and separate chapters on erythroblastosis fetalis and 
pancreatic fibrosis. 
1240 pp., 333 figs., 9 in color, 4 color plates, $15.00 


PRINCIPLES AND PRACTICE OF AVIATION MEDICINE, Third Edition 


By Harry G. Anmstrrone, M.D., F.A.C.P., Surgeon General, U. S. Air Force 

The third edition gives you all the knowledge gained during the war and poe withheld 
for security reasons, plus all the latest advances. Entirely rearranged and revised, largely re- 
written, with four new chapters and many new tables and figures. Packed with useful informa- 
tion and entertainingly written. 


488 pp., 97 figs., $7.50 
MEDICAL MILESTONES 
By Henry J. L. Marniorr, M.D. With a foreword by Sin ALEXANDER FLEMING 
Fascinating yet absolutely accurate account of the major advances in medicine in recent years. 
Enjoyable reading for doctor and layman alike: the true stories of penicillin and the antibiotics, 
dicumarol, the Rh factor, cortisone, the new attitude toward leprosy, and many others. 
305 pp., 6 figs., $3.50 


COWDRY’S PROBLEMS OF AGEING, Third Edition 
Biological and Medical Aspects 
Edited by A. I. Lanstne, with 47 contributors. Foreword by E. V. Cowpry 
Third edition largely rewritten and carefully revised throughout to bring you an up-to-date 
progress report in the field of gerontology. Gives you an objective synopsis of new developments, 
current trends, and the thoughts of a number of the present-day workers. 
Approx. 1000 pp., 227 figs., scheduled for publication late February 


REACTION TO INJURY, Volume II 
By Witey D. Forsus, M.D. 

Volume II ie the program begun in Volume I. Gives you a comprehensive and prac- 
tical treatment of submissive and adaptive reactions to injury. The two volumes include all 
the material essential to an understanding of clinical disease and its correlation with the corre- 
sponding basic pa\aological processes. 

Approx. 1000 pp., 836 figs., some in color, scheduled for publication in April 


The Williams & Wilkins Company 
Mt. Royal and Guilford Aves. Baltimore 2, Maryland 





Please Mention this Journal when writing to Advertisers 























ANNALS OF INTERNAL MEDICINE 





. the development of an improved Insulin preparation... 


NPH 
letin 
(Insulin, Lilly 


Hagedorn discovered that the antidia- 
betic effect of Insulin was lengthened by 
the addition of basic protein precipitants, 
such as protamines from fish sperm, globins, 
histones, and kyrins. Since that discovery, 
there has been a systematic study of many 
modifications which might simplify still 


further the management of diabetes. 


In co-operation with the Insulin Com- 
mittee of the University of Toronto, Eli 
Lilly and Company has actively participated 
in this search. Over several years, data were 
accumulated on the action of various modi- 
fications of Insulin in more than 5,000 cases. 
Through knowledge gained fromsuch studies, 


many of the difficult time-consuming prob- 





lems of diabetic management which once 
confronted phvsicians are now overcome 


by the use of NPH Iletin (Insulin, Lilly). 





ELI LILLY AND COMPANY « Indianapolis 6, Indiana, U.S.A. 
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to ACTH 
and CORTISONE 


8€ in clinical practice it is clearly wise to test the urine of both 
diabetic and non-diabetic patients for sugar at intervals 
during administration of cortisone or ACTH and to carry 
Out appropriate investigations and treatment if glycosuria 


occurs. Particular caution is necessary for diabetic patients. 99 
Sprague, R G.: Cortsone and ACTH, Am ] Med /0 567. 1951 


To avoid such clinical surprises and simplify clinical control, 
ACTH and cortisone therapy is profitably preceded, accom- 
panied and followed by routine testing for urine-sugar. 
Clinitest Reagent Tablets provide a rapid, reliable and con- 
venient method—easily used by both physician and patient. 


C L N IT E S Tor detection of urine-sugar 


REAGENT TABLETS 


You can assure regular, reliable urine-sugar analyses 
by prescribing the Universal Model Set (No. 2155). 
Available at all pharmacies at $1.50 


AMES company, Inc. 
ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 
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To correct years of 
constipation 


Cellothyl 


Cellothy! tablets (0.5 Gram) 
in bottles of 100, 500 and 5000. 


CcHILeCcorTT 


> abora lorita_ 


IMPROVING 
RECTAL COMPETENCE 
IN 
DYSCHEZIA 


When diminished tonus and contractibility 
have rendered the rectum incompetent, 
“there can be no doubt” that Cellothyl is “of 
great value.’* Ease and frequency of bowel 
movements can be increased regardless of 
duration of dyschezia' — provided, of course, 
that patients who have suffered for years do 
not expect overnight correction. Steady im- 
provement in the expulsive competence of 
the rectum will be noted with Cellothyl as 
the presence of adequate soft bulk and its 
gentle mechanical stimulation act to — 


1. initiate the call to stool 

2. encourage prompt, complete evacuation 
3. provide soft, moist, easily passed stools 
4. eliminate the need for straining 


5. minimize pain or trauma to local lesions. 


The stomach and small intestine, usually not 
involved in dyschezia, are unaffected by 
Cellothyl, which remains in a fluid state until 
it reaches the colon. Here it thickens to a 
smooth gel to provide bulk where bulk is 
needed. Normal, easily passed stools usually 
begin in 3 to 4 days. (Patients conditioned 
to purgation may be permitted a mild laxa- 
tive, together with Cellothy] for several days, 
then Cellothyl continued alone.) As ease and 
frequency of defecation increase, dosage 
should be decreased to the minimum required 
for comfortable function. 


1. Newey, J. A., and Goetzl, F. R.: 
Permanente Med. Bull. 7:67 (July) 1949. 
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1761 John Allen, M.D., F.R.S., wrote of bronchial asthma in 
his Summary View of the Whote Practice of Physick: 


“Peruvian bark is recommended to put off the fit.” 


(London, 1761, Vol. II) 
1952 Today, another and more effective botanical—‘Eskel’— 
‘ is finding a place in the bronchial asthma field. 
In a recent study, Derbes et al.' reported that ‘Eskel’— 
a clinically proved preparation of khellin—provided 


marked relief in 60% of their bronchial asthma cases. 


1. Ann. Allergy 9:354 


in bronchial asthma E S k S | 


Smith, Kline & French Laboratories, Philadelphia 


Eskel’ T. M. Reg. U. S. Pat. Off 
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selective 
anticholinergic gives 
unparalleled freedom from side effects 


PRANTAL 


Methylsulfate 


—, for peptic ulcer 


greater specificity 
hitherto unobtainable freedom from side effects 
wider flexibility of dosage 
reduces gastric motility and secretion 
relieves pain 

PranTAL* Methylsulfate is a member of an entirely new class of synthetic 
anticholinergic. compounds. It curbs excessive vagal stimuli to the stomach 
by inhibiting synaptic transmission across parasympathetic ganglia. 
PranTAL Methylsulfate is unique among anticholinergic compounds. Be- 
cause of its selective action, doses which reduce gastric motility and 
secretion rarely cause dilatation of the pupils, dryness of the mouth, 
urinary retention, or constipation. 

The pharmacodynamics of Prantat Methylsulfate have been the subject of 
extensive laboratory investigations in which the classical procedures were 
used. Studies by leading clinical investigators have confirmed the value 
of its unusual properties in treatment of the peptic ulcer syndrome. 

A Clinical Research Division monograph is now in press and will be sent 
to you promptly on request. 

A clinical supply of Pranta Methylsulfate will be sent to you on request. 
Average Dosage: One tablet (100 mg.) four times daily 


Packaging: Prantat Methylsulfate (brand of diphenmethanil methylsulfate) , 100 mg. 
scored tablets, bottles of 100. 


—. *T.M. 


— heii CORPORATION *« BLOOMFIELD, NEW JERSEY 








pty 


it’s the 
parentoral way 


Just one or two tablets daily— 
plus an occasional injection 


Just one or two Tablets MERCUHYDRIN with Ascorbic 
Acid daily — plus an occasional injection of MERCUHYDRIN 
Sodium — keep the average cardiac edema-free. For 


convenience, safety, effectiveness prescribe 


Tablas. 


iC 


MERCURY DRIN 


the simplest method of outpatient maintenance 


To secure the greatest efficacy and al/ the advantages of 
Tablets MERCUHYDRIN with Ascorbic Acid, 

a three-week initial supply should be prescribed... 

25 to 50 tablets. 


DOSAGE: One or two tablets daily — morning or evening — 


preferably after meals. 


AVAILABLE: Bottles of 100. Each tablet contains meralluride 
60 mg. (equivalent to 19.5 mg. mercury) and ascorbic acid 100 mg 
M-19 


akeside . 
atoratortes, INC., MILWAUKEE 1, WISCONSIN 
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SUSPENSION 
SULFOSE 
OFFERS THESE 
ADVANTAGES Invites cooperation of child or 


Pm adult 


, mites. ™ Won't settle or “cake” 
STABLE SUSPENSION 
Urinary concretions minimized 
because of independent solubili- 


ties of its component sulfona- 
mides—selected because they are 


Iso among the least toxic 
TOXICITY sa 
Clinical comparisons, based on 


equal dosages of Suspension 

SuLFose and control prepara- 

tions, demonstrate that higher 

blood levels are achieved with 
HIGHER BLOOD SULFOSE 


LEVELS 























Effective blood sulfonamide con- 
centrations are maintained 
longer than after administration 
of control preparations of equal 
sulfonamide composition in the 
same dosages 


MORE PROLONGED 
BLOOD LEVELS 





Suspension SULFosE, prepared 
with a special alumina gel as 
suspending agent, is more and 
more the sulfonamide product 
of choice with physicians. One 
teaspoonful represents 0.166 
Gm. each of sulfadiazine, sulfa- 
merazine, and sulfamethazine. 











ULFOSE 


TRIPLE SULFONAMIDES WYETH 


SUPPLIED: in bottles of 1 pint. 

Also available: convenient-to-use Tablets 

SULFOSE, bottles of 100. Each tablet is Wijeth Incorporated 
equivalent in sulfonamide content to one tea- 

spoonful Suspension. Philadelphia 2, Pa. 
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RESINAT 


pioneer resin therapy 


NATRINIL — the CATION-exchange resin. For sodium withdrawal. Ind 
CONGESTIVE HEART FAILURE, EDEMAT S STATES, HYPERTENSION 


RESION — is on extremely palatable suspension of special insoluble adsorbent 
sredients and is specifically designed to take up and remove from the intestinal tract 
ed in DIARRHEA, GASTROINTESTINAL TOXICITY 


SEA AND VOMITING OF PREGNANCY 
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In peptic ulcer... 


RESINAT “brings quick relief of ulcer pain and speeds the healing”'... without 
gastrointestinal side effects.” 


How? 

RESINAT is cn anion-exchange resin and its molecules act much like magnets in the 
body. The action is this... in the stomach the resin molecule binds and withdraws the 
hydrochloric acid and pepsin.? These substances, bound to the resin, are carried into 
the small intestine where they are dropped off. The acid is promptly neutralized by 
intestinal alkalinity and pepsin is inactive.‘ 


RESINAT 


( polyamine-methylene resin) 


The Original Medical Application of Anion-Exchange Resins 


relieve pain quickly remove chlorides, phosphates 

normalize excess acidity minerals or vitamins 

inactivate pepsin alkalinize the system 

promote rapid healing cause constipation or diarrhea 
and is non-toxic 


does does not 


RESINAT is indicated in the treatment of peptic ulcer, and for the relief of hyperacidity, 
gastritis, heartburn, and certain forms of colitis. 


Available: Tablets, 0.5 gram, bottles of 36, 100 and 1000. 
Capsules, 0.25 gram, bottles of 50, 100, 500 and 1000 
Powder in one gram individual packets, boxes of 50 and 100 packets. 


Dosage and administration: In acute and chronic ulcer, one-half gram (1 tablet or 2 
capsules) every two hours while awake. Much larger initial doses may be 
necessary to obtain relief. 

M. M., and Pfeiffer, M. C. J.. Gastroenterology 8:19! (Feb.) 1947 
Review of Gastroenterology 16:82 (Jan.) 1949 
s, J. Review of Gastroenterology 15:826 (Nov.) 1948 
Wilkinson, J., and Martin, J.: Physical-Chemical Aspects of the Action of Anion Exchange Resins in Biochemical 
ystem. Arch. Biochem. 10:205, 1946 


a companion product ... 


RESINAT H-M-B 


(Resinat with Homatropine Methylbromide ) 

The anion-exchange resin with antispasmodic action 

RESINAT H-M-B is also for the treatment of peptic ulcer. Resinat H-M-B includes an 
effective antispasmodic to decrease hypertonicity, hyperperistalsis or spasm. It provides 
the proven advantages of resin therapy and also relaxes the gastrointestinal tract. 
Formula: Resinat, 0.5 gram and Homatropine, | mg 

Average adult dose: | tablet every two hours while awake 

Available: Bottles of 36 and 100 tablets. 


safe... dependable... effective 


THE NATIONAL DRUG COMPANY « Philadelphia 44, Pa. 
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100 
TABLETS 
Quinidine 
Sulfate 
Natural 
(Davies, Rose) 
0.2 Gram 
(approx. 3 grains) 
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; Eoch an active antirheumatic in its own right, 
salicylate and para-aminobenzoic acid — as 
combined in Pabalate — produce a synergistic 
analgesia’ ’ that can provide “’24-hour pain relief’ ’ 
for patients with rheumatic affections — even 
for many who are refractory to salicylates alone 
Pabalate is remarkably free from gastric irritation 
| or systemic reactions. Each Tablet, or each 
teaspoonful of chocolate-flavored Liquid, contains 
5 gr. sodium salicylate U.S.P. and 5 gr. para- 
aminobenzoic acid. Also available as Pabalate- 
Sodium Free, employing ammonium salicylate and 
‘ the potassium salt of para-aminobenzoic acid 
\ \) ' REFERENCES: 1. Dey, T. J. et al: Proc. Staff Meetings 


Mayo Clinic 21.497, 1946. 2. Hoagiand, R J. Am. Ji Med, 
9:272, 1950. 3. Smith, R. T.: J. Lancet 70.192. 1950 


Ethical Pharmaceuticals of Merit since 1878 oe 


A. H. ROBINS COMPANY, INC. + RICHMOND 20, VA. ote 
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NOW CONTAINS VITAMIN 8:2 


in coronary occlusion these patients helps normalize 
cholesterol and 
hypercholesterolemia deserve the fat metabolism 
diabetes potential in liver disease 
increases 
liver disorders benefits of this phospholipid turnover, 
reduces fatty deposits 
hypertension complete and stimulates 


regeneration 


obesity - nephrosis ... lipotropic formula... of new liver cells. 


Write for samples and detailed literature. 


U. S. VITAMIN CORPORATION 


CASIMIR FUNK LABORATORIES, INC. (affiliate) 
250 EAST 43rd STREET « NEW YORK 17, N.Y. 
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Blocks thyroxin formation 
without goitrogenic action 
’ 








NO 
thyroid 
weight 


P| thyroid 
weight 
increase » 9 |tncrease 
















A unique 
antithyroid preparation 
with a 


“un ique mode of action 


ITRUMIL 


iodothiouracil 











HOME 
TREATMENT 


OFFICE 
TREATMENT 











ACTHAR Gel—the new LONG-ACTING repository preparation— 





simplifies ACTH therapy comparable to the management of dia- 
betes with long-acting insulin. Home or office treatments become 
readily applicable with substantial economy to the patient. Greatly pro- 
longed therapeutic action and convenience of administration are distinct 


advantages of ACTHAR Gel. . 


Recent clinical studies have firmly established the recommended dosage 
of ACTHAR Gel. Established dosage for optimum therapeutic effects is 


important in the everyday use of ACTH in your practice. 


Indications: Rheumatoid arthritis, rheumatic fever, acute lupus erythema- 
tosus, drug sensitivities, severe bronchial asthma, contact dermatitis, most 
acute inflammatory diseases of the eye, acute pemphigus, exfoliative der- 
matitis, ulcerative colitis, acute gouty arthritis, secondary adrenal cortical 
hypofunction. Supplied: 5 cc. multiple dose vial containing 20 I.U. per 


cc., and 5 cc. multiple dose vial containing 40 I.U. per cc. 


*THE ARMOUR LABORATORIES BRAND OF ADRENOCORTICOTROPIC HORMONE (A.C.T.H.) 


THE ARMOUR LABORATORIES 
CHICAGO 11, #LLInoOtrsS 

ur-ertha tae ceprerdabrlLhity 

PHYSIOLOGIC THERAPEUTICS THROUGH BIORESEARCH 
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‘Roche’ 


antibacterial action plus a 





> greater solubility 











Gantrisin is a sulfonamide so soluble that 
there is no danger of renal blocking 
ond no need for alkalinization. 


higher blood level 


Gantrisin not only produces a higher 
blood level but also provides a 
wider antibocterial spectrum. 


economy 


Gantrisin is far more economical than 
antibiotics and triple sulfonamides. 


less sensitization 


Gantrisin is a single drug—not a mixture 
of several sulfonamides—so that there is 
less likelihood of sensitization, 


GANTRISINB-brand of svifisoxozole 
(3.4-d merhy!-S-sultonitomido-isoxozole) 


TABLETS © aAmPuis © SYRUP 


HOFFMANN-LA ROCHE INC. 


Roche Pork « Nutley 10 + New Jersey 
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An achievement 


in pharmaceutical elegance 


OMNI-VITA Spherettes 


A pleasant tasting, chewable multivitamin preparation 


Omni-Vita* Spherettes provide all the essential vitamins, A, D, C, B,, 
B2, Bs, Bi2, and Panthenol in small, flavorful, candy-like Spherettes. 
Omni-Vita* Spherettes can be chewed which favors more prompt and 
complete absorption of their vitamin components. Children, especially, 
but many adults as well, who cannot take vitamins in oils, drops, fishy- 
tasting liquids, capsules or tablets like chewable, good-tasting, inexpen- 
sive Omni-Vita* Spherettes. 


OMNI-VITA* Spherette: 


“The preferable way to prescribe vitamins” 


WILLIAM R. WARNER 


Division of Warner-Hudnut, Inc. *Trode Mork 
New York * Los Angeles ¢ St. Louis 
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Ontone 


Safety in the Prolonged Control 
RHEUMATOID ARTHRITIS 





Successful clinical experience with CORTONE 
in many /arge series of patients reveals the 
safety of this product. The administration of 
CoRTONE does not necessitate any measures 
that are not readily available to the physician 
in everyday practice. The use of simple labo- 
ratory tests (sedimentation rate, urinalysis, 
blood count, blood pressure, and recordings 


of weight), individualized adjustment of dos- 


CorTONE is the registered trade-mark 


Cortone’ 


ACETATE 
(CORTISONE Acetate Merck ) 














age, and careful clinical observation will per- 
mit most patients to benefit materially 
without fear of undesired effects 

One investigator notes “We have not been 
impressed by the severity or frequency of side- 
effects The side-effects due to excessive 
adrenal cortical hormone disappeared when 


the hormonal agent was discontinued.” 


Noarcross,B. M., N. Y. State J. Med. $1: 2356, 
Oct. 15, 1951 





f Merck & Co., Inc. for its brand of cortisone. 






MERCK & CO., Inc. 
Manufacturing Chemists 


In Canada: MERCK & CO. Limited— Montreal 
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complementary. ig 


wherever combined estrogen- 
androgen therapy is indicated 








a in an attempt to 


suppress ovulation © the basis that 
—I is usually painless. 


i. In the «Aa climacteric to reduce 


follicle-stimulating hormone levels. 


“PREMARIN: wish METHYLTESTOSTERONE 


A Steroid combination which permits 
Utilization of both the complementary 
and the neutralizing effects of estrogen 
and androgen when administered 
Seomitanily. Thus Cortada opt 










we 879—Conjugated 


; (“Premarin”) ’ 
ss 444 a] Methyltestosterone . . 
. a ayy Bottles of 100 tablets (yellow) 
Ayerst, \icKenna & Harrison Limited  anls “No 878—Conjugated estrogens — 
New York, N.Y. Montreal, Canada ("Premarin™). . - 0.625 mg. 
tay RteGaslaenentene. - 5.0 mg. 


$125 Bottles of 100 tablets (red) 
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gr See 
. Se El Re 


TET TTT 


When your cardiac or other patients requiring salt 
restriction find that the flavor of salt is essential 

to their enjoyment of food, Neocurtasal — sodium-free 
salt substitute —will give the desired salty tang 


to otherwise “‘flat’’ foods. 
| le 0 


Neocurtasal is completely sodium-free. It contains 
potassium chloride, ammonium chloride, potassium 
formate, calcium formate, magnesium citrate 

and starch. Potassium content 36%; chloride 39.3%; 


calcium 0.3%; magnesium 0.2%. 


Write for pad of diet sheets 





without 
salt 
is fit only 
aels 
dogs 


Available in 
convenient 2 oz. shakers 
and 8 oz. bottles. 
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palatable 
penicillin therapy 
with 


concentrated convenience for infants 
Pen-Dro Ss 
i Ss 


100,000 units Potassium Penicillin G per ce. 


highly concentrated oral penicillin liquid 


bottles of 10 ee. 





elivir- case for children and adults a 


Liquapen’ <a 









250,000 units Potassium Penicillin G per 


teaspoonful (5 ce. 


effective dosage: 2 teaspoonfuls 
3 or 4 times daily—permits normal eating 


and sle eping schedules 


bottles of 50 ce. 


readily « epled by all patients avoids the discomforts of parenteral therapy 


a rademark 


eS i, 
Antibiotic Division LSET*) cuas. prIZzER & CO., INC., Brooklyn 6, N. ¥. 
re 4 









When the diagnosis is 





Firsts 


consider 





to establish 
and maintain 


urinary antisepsis was 


& 








o establish and maintain urinary 
antisepsis, MANDELAMINE* is 
many times preferred because it 
is quickly effective against the organisms 
most commonly encountered in urinary- 
tract infections. Its exceptional freedom 
from untoward reactions and its wide 
range of antibacterial activity commend 
it for use as soon as the diagnosis has 


been made. 


Urinary antisepsis is often achieved in 
uncomplicated pyelitis in as few as three 
days. Speedy recovery is thus secured in 
many cases without necessitating higher- 


cost therapy ° 


Other indications for MANDELAMINE 
are cystitis, prostatitis, pyelonephritis, 
nonspecific urethritis, and infections as- 
sociated with urinary calculi or neuro- 


genic bladder; also valuable for pre- and 
postoperative prophylaxis in urologic 


surgery. 


Renal insufficiency is the only major 
contraindication to MANDELAMINE 
therapy. 


MANDELAMINE is available in bot- 
tles of 120, 500, and 1,000 enteric-coated 
tablets, through all prescription phar- 
macies. Comprehensive literature and 
samples for clinical trial will be furnished 
to physicians on request. 


C3 


NEPERA CHEMICAL CO., INC. 
Pharmaceutical Mamupactursre 


NEPERA PARK, YONKERS 2, N. Y. 


“MARMOT LAMINE @ che regitered trademark of Nepers Chemmcsl Co. Inc . for ine brand of methenamune mandelace 
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you could treat Diplococcus pneumoniae 
...or streptococcal pharyngitis, sinusitis, and 


otitis media with many therapeutic agents... 


but you can treat them best with... 


nn aetinn- pe a ee 





Sulfonamides 
Penicillin 
Streptomycin 

or Dihydro- 
streptomycin 
Aureomycin 

or 

Terramycia 
Chloramphenico! 





Diplococcus pneumoniae 
Pharyngitis (streptococcal ) 
Sinusitis (streptococcal ) 
Otits media (streptococcal) 
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A— Drug of choice B — Effective 








Penicillin the antibiotic of choice for treat- 


ment of the more common bacterial infectious diseases 


Oral Penicillin t.id....is easy to take, does not inter- 
fere with meals or interrupt patient’s sleep, saves time for 
physician and nursing staff. On Keefer’s* dosage schedule 
of 200,000 units, or its multiples, t.i.d., oral penicillin 
therapy is less than 4% the cost of the newer antibiotics. 


. 
KEEFER, CS. POSTGRAD. MEO. @ 101, FES. 1951 





formulated for convenient t.i.d. dosage 


Pentids 


Squibb 200,000 Unit Penicillin Tablets 
Bottles of 12 and 100 


SQUIBB 


ee ® SQUISS & SONS 





for 
new safety 


in penicillin 
therapy 


A NEW REPOSITORY PENICILLIN SALT, 
/-EPHENAMINE PENICILLIN G, OF GREATLY LOWER REACTION RATE 
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e for clinical efficacy 


Whenever a repository type of penicillin is indicated, 
Compenamine merits routine use. Clinically it proves as 
effective as procaine penicillin, producing essentially the 
same plasma penicillin levels, but these levels appear to 
be more prolonged.’ 


e for minimal reactions 


In addition, Compenamine shows a notably lower rate 
of reactions. In broad clinical investigations it has been 
shown to lead to reactions in a negligible percentage of 
all patients treated.’ 


e for day-in and day-out use, 
even in known reactors 


In a special study comprising only patients who had 
shown undesirable reactions to other forms of penicillin, 


eighty per cent of the patients (80%) tolerated Compen- 
amine well, without such side reactions. In the remain- 
der of these penicillin-sensitive patients in whom re- 
actions to Compenamine did occur, these reactions were 
comparatively mild and of relatively short duration.’ 





Kadison, E. R.; Ishihara, S. J., and Waters, T.: A New Form of Penicillin with Anti-Allergic 
Properties, Am. Pract. & Digest Treat. 2:411 (May) 1951. 

2. Longacre, A. B.: P-92 Penicillin; Report of a Very Low Reaction Rate in Therapy with a New 
Penicillin Salt, Antibiotics & Chemotherapy 1:223 (July) 1951. 


COMPENAMINE 


Compenamine ir available in three dosage forms: Compenamine (dry powder 
for aqueous suspension), Compenamine Aqueous (ready for injection), and 
Compenamine in Oil, the latter two in vial and cartridge forms. 


CSC Fluamuacenicis 


A DIVISION OF COMMERCIAL SOLVENTS CORPORATION «+ 17 EAST 42nd STREET - NEW YORK 17, NEW YORK 
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Gan fenllicgitun 

adding life to years 
Amorphous Gitalin—Cardioactive aan , 
Glycoside of Digitalis Purpurea 


a “*... digitalis preparation of choice 


for the usual treatment of the patient 
with congestive heart failure’ 


*Batterman, R. C., DeGraff, A. C., et al: 
Am. Heart J. 42:292 (Aug.) 1951. ! 


Reprint available upon request. 
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Useful Cardiac Drugs 














1) Thesodate — Brewer. IN ANGINA PECTORIS 


(Theobromine Sodium Acetate 71/4 gr. enteric coated) 


Thesodate has been proven effective in increasing 
the capacity for work in individuals suffering from coronary 
artery disease. One Thesodate tablet four times a day 
(after meals and at bedtime) helps to maintain improved 
heart action and increased coronary artery circulation. 


* 
@ Enkide — Brewer IN LUETIC HEART DISEASE 


(Potassium Iodide one gram or half gram enteric coated) 


Enkide is useful as an adjuvant in tertiary syphilis 
and wherever potassium iodide therapy is indicated. Enkide 
insures accuracy of dosage, absence of gastric irritation and 
convenience of administration. Patients are more apt to fol- 
low prescription directions because of these advantages. 


© Amchlor — Brewer IN CARDIAC EDEMA 


(Ammonium Chloride one gram enteric coated) 


Amchlor cuts in half the number of tablets each 
patient takes when large amounts of ammonium chloride are 
prescribed. This convenience to the patient helps to insure 
full and complete use of the entire amount prescribed. 
Amchlor is useful in cardiac edema, hypertension, dysmen- 


orrhea, Meniere’s Syndrome, etc. 


For samples — just send your Ri blank marked AlIM-252 


Cia 


BREWER & COMPANY, INC. 
WORCESTER 8, MASSACHUSETTS U.S.A. 
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a product of 


Upjohn 


for medicine produced with care .. designed for health 
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is a 
Vitamin 


Dodger 


H: lunches hurriedly at 

3 a.m.—goes to bed when most folks’ 

alarm clocks start ringing. All too often, 
upside-down eating can lead to a 

subclinical vitamin deficiency. 

For Roger and other dietary digressors, many 
physicians offset poor vitamin intake by 
prescribing one or two DAYALETS a day 
DAYALETS are fishless, burpless tablets containing 
nine important vitamins—including B, >. 
DAYALETS contain synthetic vitamin A— 

no fish-oil taste or burp, no allergies due to fish 
oils. They're better tolerated by patients than 


soft, gelatin capsules. Supplied 


in bottles of 50, 100 and 250 Abbett 





NO FISH-OlL 
TASTE OR BURP 


Dayalets 


(Abbott's Multiple Vitamins) 


Each DAYALET Tablet Contains 
—> Vitamun A 10,000 U_S.P. units 


Vitermn 0 


Tharmune Mononitrate 
Riboflawn 
Nicotnamde 
Pyridoxine Mydrochionde 
—> Viterwn Bi. 
as vita mn B)2 concentrate 
Aad 5 
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QUARTER 


THERE’S WELL OVER A OF EXPERIENCE 


CENTURY 


BEHIND EACH 


“amplifier-photographic” 
types, right up to 
the.present-day 
“direct writer.” 
Many remember 
how Sanborn’s 
introduction of its “Cardiette” 
in 1935 virtually revolutionized the taking of 
*cardiograms, and set many new “standards” to be followed. 
And, everyone today is familiar with the leadership 
established by the direct-writing Viso-Cardiette, and the two- and 
four-channel “Visos” subsequently designed for biophysical research. 
This is the kind of experience and reputation that gives you 
the assurance and confidence you like to feel when you buy a piece of 


important equipment, such as an electrocardiograph—such as a Viso-Cardiette! 


Fine diagnostic instruments since 1917 : SANBORN C0. 


CAMBRIDGE 39, MASSACHUSETTS 
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It is well known that the craving for food which besets many 
obese people cannot easily be controlled by the will alone. For 
them, adherence to a reducing diet often imposes a nervous 
strain, with consequent tension and irritability; and if they 


succumb to their urge to eat more, they have a sense of failure. 


But appetite can now be modified by oral administration of 


‘Methedrine’. Then avoidance of over-eating becomes prac- 


tically effortless, and the patient feels fitter and cheerful, as 


well as satisfied . . . with his meals and with his achievement. 


Trials have shown that ‘Methedrine’ is a reliable anorexiant, 


and that it is effective in low dosage. 


Literature describing dosage and recommended regimen will be sent on request, 


Ray, H. M.: Am. J. Digest. Dis., 14:153, 1947 
Shapiro, S.: ibid, 14:261, 1947 


REFERENCES: | 


‘METHEDRINE’ 


Methamphetamine Hydrochloride (d-Desoxyephedrine Hydrochloride) 


4 prod 
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Now available... 


a “chemical ff} fence” for the alcoholic _ pF 


a ee , 





- 
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"ANTABUSE' 


‘‘Antabuse’’—nearly three years under intensive 
clinical investigation—is now available for the 
treatment of alcoholism. By setting up a sensitizing 
effect to ethyl alcohol, ‘‘Antabuse’’ builds a ‘‘chemical 
fence’ around the alcoholic...helps him develop a 
resistance to his craving. Its high degree of efficacy 
is confirmed by extensive clinical evidence. 


**Antabuse”’ is safe therapy when properly 
administered. However, it should be employed only 
} under close medical supervision. Complete descriptive 
literature is available and will be gladly furnished 
on request. 









**Antabuse’’ is identical with the material used 
by the original Danish investigators, and is supplied 
under license from Medicinalco, Copenhagen, 

—— | Denmark. U. S. Pat. No. 2,567,814. 
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Tested in more than 100 
| clinics...by more than 800 qualified investigators 











Supplied in A 
tablets of 0.5 Gm., # ...on more than 5,000 patients...and covered by 
bottles of 50 | more than 200 laboratory and clinical reports, 
and 1,000. j 
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... brand of specially prepared and highly purified tetraethylthiuram disulfide. 
AYERST, McKENNA & HARRISON LIMITED 
$130 ‘ New York, N. Y. Montreal, Canada 
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SOLUTION 


SIRNOSITO 


CHOLINE AND INOSITOL 


A better response may be expected from the simultaneous 
administration of both choline and inositol than from the 
administration of either alone.':? Patients unresponsive to 
choline often show progressive improvement and ultimate 
recovery when adequate amounts of inositol are given in addi- 


tion to choline.*® 
POTENT 


Satisfactory therapeutic response is predicated upon ade- 
quate dosage. The importance of the quantitative element in 
lipotropic therapy is shown by the marked clinical improve- 
ment’: and evident histologic tissue restoration‘ in response 
to an increase in the dosage of lipotropic factors. 

This daily dose of three tablespoonfuls of Solution Sirnositol 
provides adequate therapy: 

Choline gluconate 22.23 Gm. 
Inositol 2.25 Gm. 


PALATABLE 


Solution Sirnositol provides potent lipotropic therapy in a 
sugar-free, yet sweet and pleasant-tasting aqueous vehicle. 
Available in 16 oz. bottles, on prescription only. 


CSC Fluwmaceiltcats 


A Division of COMMERCIAL SOLVENTS CORPORATION «+ 17 East 42nd Street, New York 17, N. Y. 
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With Diasal, the low sodium diet” patient can once again enjoy his meals. Diasal is 








used just like salt...it tastes, looks and pours like salt; it contains only recognized 
ingredients and is safe for prolonged use; it may be used like salt at the table and 
in cooking. No wonder Diasal meets the basic requirements of a good salt substitute,’ 
and besides keeps salt-restricted patients happy on low-sodium diets. 

Diasal contains no ammonium, lithium or sodium. It is a simple formulation of 
potassium chloride, glutamic acid, and inert excipients. Because a depleted potassium 
state may occur in patients on a low-sodium diet,’ Diasal may provide an efficient, 
convenient and safe means of supplying potassium in prophylactic amounts to the 
depleted diet. Diasal is contra-indicated only in severe renal disorders and oliguria. 
Diasal is available in 2 oz. shakers and 8 oz. bottles. 


1. Rimmerman, A.B., and Halpern, A.: A comparative study of sodium-free salt substitutes, Am. Pract. & Dig. Treatment 2:168 (February) 1951. 
2. Fremont, R.E.; Rimmerman, A.B., and Shaftel, H.E.: The occurrence and management of the low potassium state with patients on the low sodium 


diet. Postgraduate Med. 9:— (September) 1951. 


for new zest in ® 
salt-restricted diets 


For samples and low-sodium diet sheets write 


E. FOUGERA & Company, Inc. + 75 Varick Street, New York 13, N. Y. 


Please Mention this Journal when writing to Advertisers 

















| 
| 


a 








42 ANNALS OF INTERNAL MEDICINE 


or ee 


< 


CAMBRIDGE 
MOBILE MODEL 


r 


La 


“SIMPLI-TROL” 
PORTABLE 


“SIMPLI-SCRIBE 
DIRECT WRITER 


The first Cambridge Electrocardiographs were 
made available to the medical profession over 
thirty-five years ago. It is fortunate that from the 
beginning, these instruments produced consistently 
accurate electrocardiograms, since it was upon 
these records that the science of Electrocardiog- 
raphy has been largely built in this country. It 
follows, therefore, that the Medical Profession 
looks to CAMBRIDGE for new instruments now de- 
manded in the tremendous development the science 
is undergoing. 

Today, CAMBRIDGE MOBILE and “SIMPLI-TROL” 
MODEL ELECTROCARDIOGRAPHS are the standard of 
comparison. CAMBRIDGE RESEARCH MODEL meets 
the most exacting demands of advanced cardiac 
study. CAMBRIDGE “SIMPLI-SCRIBE” DIRECT 
WRITER gives the doctor or institution a fine, con- 
venient, supplementary electrocardiograph. 


CAMBRIDGE ALSO MAKES ELECTROKYMOGRAPHS, 
PLETHYSMOGRAPHS, AMPLIFYING STETHOSCOPES, 
RESEARCH pH METERS, BLOOD PRESSURE RECORDERS, 
INSTRUMENTS FOR MEASURING RADIOACTIVITY, ETC. 





“CAMBRIDGE has it!” 








EDUCATIONAL 
CARDIOSCOPE 





OPERATING ROOM 
CARDIOSCOPE 


CAMBRIDGE EDUCATIONAL CARDIOSCOPE is the 
newest aid in teaching Electrocardiography and 
auscultation by visual demonstration. The CAM- 
BRIDGE OPERATING ROOM CARDIOSCOPE provides 
a continuous tracing of any lead of the electro- 
cardiogram, indicates the instantaneous heart 
rate and warns of approaching cardiac standstill 
during surgery. In the opinion of qualified anesthe- 
siologists and surgeons, this instrument will soon 
be a “‘must”’ for the modern operating room. 


Send for descriptive literature 
CAMBRIDGE INSTRUMENT CO., INC. 
3715 Grand Central Termincl, New York 17, N.Y. 


Cleveland 15,1720 Euclid Avenve 
Philadelphia 4,135 South 36th Street 
Chicago 12, 2400 West Madison Street 


PIONEER MANUFACTURERS OF THE ELECTROCARDIOGRAPH 


CAMBRIDGE 





3G tend tole. aiieics 7.02. 





POTENT PROTECTION 


> > > against the combined threats of 
arteriosclerosis and capillary fragility 








the arteriosclerotic potient, 
victim of poor dietary habits 
and the tempo of modern life 


the diabetic-hypertensive 
patient, often manifesting 
excessive copillory fragility 


the coronary thrombosis 
potient, continually threat- 
ened by voscular accidents 








section of thrombotic artery 
showing fibrous thickening of 
intima and atheromotous crea 


capillary fragility 
shown by high 
petechial count 





intimal capillary hemorrhages 
of the aorta may be precur- 
sors of more critical thrombi 

















ASCUTUM 


DEMARE 


for the Life that begins. at forty 


VASCUTUM* makes possible a dual attack, both 
prophylactic and therapeutic, in the two-front 
battle against hypercholesterolemia and capil- 
lary fragility, combining in one medication: Inositol 1 Gm.| Rutin 150 mg. 





The average daily dose (6 tablets) provides: 





Choline 1Gm.| Pyridoxine HCI 4 mg 








1 Potent amounts of lipotropic agents, to dl-Methionine 500 mg.}| Ascorbic Acid 75 mg. 
promote decholesterolization in atheroscle- 


rosis, liver cirrhosis and diabetes mellitus. 














VASCUTUM marks a distinct advance in the 
management of interrelated degenerative dis- 


2 Therapeutic amounts of rutin and ascorbic eases affecting the middle-aged and elderly. 


acid, to combat related capillary weakness 
effectively. Damaging retinal hemorrhage often 
results from excessive capillary fragility and 
associated abnormal cholesterol deposits. 


SUPPLIED in bottles containing 100 tablets. 


SCHENLEY LABORATORIES, !NC. 
50 FIFTH AVENUE e NEW YORK 1 


© Scheniey laboratories, Inc. *The word VASCUTUM Is o trademark of Schenley Loboratories, Inc. 
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' 
NOW! CLEARER, SHARPER, 


MORE DETAILED 
a with |» 





Permanently stabilized 
colloidal barium sulfate 





for use in radiography 
and fluoroscopy 


Ready to use. No water to bi 
add. No mixing; no waste. 
Will not separate and settle. 
Demonstrates with clarity the 
entire gastro-intestinal tract. 
Remains fluid during passage 
through colon and expels easily. 
Pleasant tasting. 


' 


Manufactured from ; peeeene 
chemically pure ee TWO TY PES ke 


eee on at . GASTRIC or COLONIC 


trained chemists ; mn 
i di bari 

yg nape IN GALLON OR Examination using ordinary barium sulfate 

Drug Laws. U. S. QUART BOTTLES 


patents pending. 


RATORIES 
PACIFIC CHEMICAP Lene 11, CALIF 


R 
or YOUR LOCAL pDEALE 


write > ov MONTGOMERY ST 


Refs. *Current Medical Digest, June, 195! 
*Dr rs. Windholz, Kaplen, Jones; California ! 
Radiolo ogy April, 195 
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The newest fluoroscope ... from X-ray's old- 
est manufacturer...is complete with features 
to save time and effort. The new Keleket Type-H 
Vertical Fluoroscope has all the refinements and 
advantages you require for operator conveni- 
ence, space saving and patient comfort. 





The Type-H fluoroscopic screen assembly, for 
example, affords complete freedom of move- 
ment, plus comfort for the patient. The exclusive 
Keleket screen carriage arm saves more than 
25% in floor space, permits location of the unit 
in corner or alcove. 





Ask for information on other outstanding fea- 
tures of this self-contained Fiuoroscope. 


re KELLEY-K ETT : Manufacturing Co. 


22-2 WEST FO arn st. COVINGTON, KY. 


THE OLDEST. NAME IN X-RAY 
ie 


1900— 1950 
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...a leader...on merit... 


MAALOX. 


MAGNESIUM © ALUMINUM HYODROKIDE GEL 


Leaders are recognized for their ability to do the job 
better. And so is Maalox. 

In gastric hyperacidity and peptic ulcer Maalox is 
outstanding for superior performance. This combination 
of both magnesium and aluminum hydroxides has won 
recognition in leading gastrointestinal clinics and found 


preference with patients... truly a leader on merit. 


* Faster relief of pain and distress 





* 20 per cent greater acid-binding capacity 
Freedom from constipation and gastric irritation 
No systemic alkalosis or secondary acid rise 


Pleasant taste—acceptable on prolonged administration 


kor Clinical Testing 


You are the best judge of the merits of any product. 
lherefore we would like to send you a supply of 
Maalox sufficient for a thorough personal evalua- 


tion in your clinic. Just write us your requirements. 


An aqueous colloidal suspension, supplied in 355 cc. bottles (12 fluidounces) 





WILLIAM H. RORER, INC. 


Drexel Building, Independence Square + Philadelphia 6, Pa. 
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NOW—WITH FEOJECTIN—YOU CAN OBTAIN 
A MORE RAPID, A MORE PREDICTABLE RESPONSE 





THAN WITH ANY OTHER IRON THERAPY 





“With the introduction of [Feojectin] . . . indi- 
cations for parenteral iron therapy assume new 
importance.” 
Vilter, R. W., et al.: J. Lab. & Clin. Med. 36:422 
(Sept.) 1950. 





1) With Feojectin you can calculate—before 
beginning therapy—the exact dosage needed to 
correct an iron-deficiency anemia. 

2) With Feojectin you control the dosage—you 
know that your patient is getting his medication 
—all of it—because you are administering it. 


3) With Feojectin you can correct an iron- 
deficiency anemia in a matter of days—not 
months. Feojectin is, therefore, extremely val- 
uable before surgery, in late pregnancy, etc. 





“... there are no known scientific reasons why 
[Feojectin] should not be used in any hypo- 
chromic patient.” 


Moore, C. V., et al.: J.A.M.A. 14$:1084 
(Nov. 25) 1950. 





Indications: 


Clearly defined iron-deficiency anemias. Feo- 
jectin is indicated particularly when a prompt 


Please Mention this Journal 


response is mandatory and/or oral iron causes 
gastric discomfort. 

It is particularly useful for 1) resistant iron- 
deficiency anemias, 2) iron-deficiency anemia in 
pregnancy, 3) iron-deficiency anemia in gastro- 
intestinal diseases, 4) anemia in bleeding hem- 
orrhoids, 5) anemia of menorrhagia, 6) iron- 
deficiency anemia of nutritional deficiency. 


Formula: 
Each 5 cc. Feojectin ampul contains the equiva- 
lent of 100 mg. of elemental iron, or 20 mg./cc. 


Packaged: 
In boxes of six 5 cc. ampuls. Detailed instruc- 
tions for administration accompany each box. 


FEOJECTIN 


A stable, saccharated oxide of iron 
for intravenous injection 


Smith, Kline & French Laboratories, Philadelphia 


‘Feojectin’ T.M. Reg. US. Pat. Off. 
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Tiny drops 


of oil 





suspended 


in water 


help establish 
“habit time” 


PETROGALAR provides a moderate intake of mineral oil 
in the form of a water-soluble suspension. 


This oil-in-water combination permeates the fecal residue 
to produce: 


® Gentle lubricant action, without “leakage” 
Soft, nonirritating, easily passed stools 
— Comfortable bowel movement 


PETROGALAR may be taken alone or in milk, water or 
fruit juices—with which it is readily miscible. 


PETROGALAR’ 


Aqueous Suspension of Mineral Oil, Wyeth 





Wyeth 


& 











Wyeth Incorporated, Philadelphia 2, Pa. 
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Authoritative opinion now recognizes that 
nutrition unmistakably constitutes the most 
important environmental factor affecting 
health.’ World-wide studies show that bet- 
ter nutrition expedites growth and develop- 


ment, leads to larger adult stature, and 
builds physical and mental vigor to higher 
levels. Improved nutrition effectively pro- 
tects tissue structures and their ye 
functioning, increases resistance to infec- 
tion, and defers oye old ag, while 


increasing the length of useful life.* 
Ovaltine in milk can play an impor- 
tant role in improving the nutrition of per- 
sons of all ages. When anorexia or other 
influences limit the nutrient intake below 
physiologic needs, this palatable supple- 
mental food is particularly useful as an aid 


toward overcoming deficiencies in com- 
plete protein and certain vitamins and min- 
erals. The remarkably easy digestibility of 
Ovaltine in milk especially adapts it to 
patients with lowered digestive capacity. 

The two forms of Ovaltine—plain and 
chocolate flavored—give a choice of flavor 
preference. Children like especially the 
chocolate flavored Ovaltine. 

Three servings of Ovaltine in milk, the 

amount recommended for daily use, con- 
tribute the wealth of nutrients shown in 
the appended table. 
1. Mann, G. V., and Stare, F. J.: Nutritional Needs in Illness 
and Disease, in Handbook of Nutrition, ed. 2, published for 
American Medica! Association, Philadelphia, The Blakiston 
Company, 1951, chap. 17, p. 351. 


2. Sherman, H. C.: The Nutritional Improvement of Life, 
New York, Columbia University Press, 1950. 


THE WANDER COMPANY, 360 N. MICHIGAN AVE., CHICAGO 1, ILL. 


Three servings daily of Ovaltine, each made of 2 
oz. of Ovaltine and 8 oz. of whole milk,* provide: 


PROTEIN 

_ er 
CARBOHYDRATE 
CALCIUM 
PHOSPHORUS 
RON. . . 
COPPER 


. 32Gm VITAMIN A 3000 1.U 
32 Gm VITAMIN B, 1.16 mg 
65 Gm RIBOFLAVIN 2.0 mg 

1.12 Gm NIACIN 6.8 mg 

0.94 Gm VITAMIN C 30.0 mg 
12 mg VITAMIN D ‘ . . 71. 
0.5 me CALORIES rs 


*Based on average reported valves for milk. 





Two kinds, Plain and Chocolate Flavored. Serving for 
serving, they ore virtually identical in nutritional content. 














fle codeine upgect on small codeine doIge 
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with Codeine 























Chere it onty me Vhospho-Soda (442) 


—safe and effective whenever 


laxation is indicated 


Phospho- Soda (Fleet 1 solution 
ntaining in each 100 
odium biphosphate 48 Gm. and 
odium phosphate 18 Gm. Both 
Phospho-Soda’ and Fleet’ are 


\ \" | \ 
C.B. FLEET CO.,,INC. ! 


LYNCHBURG, VIRGINIA 
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announcing 


...a bulk producer so finely processed that in solution with 
milk or water it easily passes through the openings of an ord- 
inary nursing nipple. 

Such ultra-fineness makes L. A. Formula especially attrac- 
tive for use in ulcer or colitis patients. The gravida, the 
nursing mother, the aged and bedridden, children, your most 
fastidious patient—all find the improved L. A. Formula pleas- 
ant and easy to take. 


formula 


Improved bland bulk producing laxative 


compare these advantages 





We encourage you 


1. L.A. Formula dissolves in water almost instantly and so completely 
that there are no particles left in the mouth to irritate or annoy. 

2. Taking L.A. Formula is like drinking a glass of pleasantly sweet- 
ened water. There is no sensation of drinking a jell. Highest patient 
acceptance is assured. 

3. L.A. Formula is effective. Its softly compact, well-formed stool 
promotes physiological peristalsis, acts to reestablish the normal 
defecation reflex. Evacuation of the rectum is easy and complete 
and soiling is reduced to a minimum. 

4. L.A. Formula does not interfere with absorption of fat-soluble 
vitamins A, D, E and K. Prothrombin levels are not affected and 
metabolism of calcium and phosphorus remain unimpaired. 

5. L.A. Formula is not habit forming. It is non-irritating and does 
not leak or complicate the hygiene of the anorectal region. 

6. L.A. Formula reduces anorectal complications. Thiele reports that 
in a large obstetric clinic where mineral oil is prescribed routinely, 
the incidence of anorectal infections is 5 per cent. In two private 
practices in which certain bulk producing hemicelluloses were given 
in place of mineral oil, the incidence of anorectal infections is only 
1.7 per cent.! 

7. Calories? Only 13 per dose (heaping teaspoonful). 


to write for samples for clinical comparison 
Supplied: 7 and 14 oz. cans. 


Formula: 50% Plantago ovata coating dispersed in lactose 
and dextrose. 


Burton, Parsons & Company 
Washington 9, D. C. 


1. THrELe, G. H.: Southern Med. J. 35:920 (Oct.) 1942. 
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Merrell 


New York «+ CINCINNATI «¢ Toronto 

1. Meyer, K. Am.J.Med. 5:482,1948. 

2. Wang, K.J. and Grossman, M.1. Am.J.Phys. 155:476,1948, 
3. Grace, W.J. Am.J.Med.Sc. 217:241,1949. 

4. Hufford, A.R. Rev. of Gastroenterology. Aug.,1951. 
Trade-marks “Kolantyl,” “ Bentyl" Hydrochloride 
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leading a 


normal life sore ‘i 


The patient with coronary disease—angina pectoris 





or congestive heart failure can count on resuming 
nearly all normal activities when placed on Theobarb medication. 
Theobarb provides the marked coronary vasodilatation, 
enhanced cardiac output and sustained diuresis 
of theobromine plus the tranquilizing 
effect of phenobarbital . .. with the lowest 
incidence of disturbing side reactions. 





The therapeutic value of Theobarb (theo- 


bromine plus phenobarbital) is extended in the Gach Thecherd tutte contains: 


following Theobarb Combinations: —— % es 
Theobarb with Mannitol Hexanitrate — Dosage: | to 4 tablets daily, preferably during or 

Theobarb Special with Mannitol Hexanitrate immediately after meals. 

—Theoborb with Rutin—Theobarb with Supplied in bottles of 50 and 500 tablets. 


Ephedrine. Also available as Theobarb Special, each tablet con- 
taining Phenoberbital, % gr. and Theobromine, 5 gr. 


Supplied in bottles of 50 and 500 tablets. 











Write for samples and complete product information 


THEOBARB 


VANPELT & BROWN, INC. Phormoceutical Chemists RICHMOND 4, VA. 


VJ 
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PAVEPT. so.ur08s 


(INVERT SUGAR) 


e for twice the calories of 5% De lerese 
e in equal infusion time 


e with no increase in fluid volume 


/ 


With 10% Travert solutions, a patient’s 
carbohydrate needs can be more 




















nearly satisfied within a reasonable time 
and without excessive fluid volume 

or vein damage. ¢ Travert solutions are 
sterile, crystal-clear, colorless, 
non-pyrogenic and non-antigenic. 

They are prepared by the hydrolysis of 
cane sugar and are composed of 

equal parts of p-glucose (dextrose) 

and p-fructose (levulose). 

Travert solutions are available 

in water or saline 

in 150 cc., 500 cc., 1000 ce. sizes. 


**Travert” 
trademark 
of 
BAXTER 
LABORATORIES, 
INC. 





ear \ 
Bes nap ix ei og 
products of 


BAXTER LABORATORIES, INC. 


Morton Grove, Illinois * Cleveland, Mississippi 








DISTRIBUTED AND AVAILABLE ONLY IN THE 37 STATES EAST OF THE ROCKIES (except in the city of El Paso, Texas) THROUGH 


AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES « EVANSTON, ILLINOIS 








DELVINAL® sodium (vinbarbital sodium) is characterized by a relatively brief induction 
period and moderate duration of action. Indicated for relief of functional insomnia, 


for pediatric and psychiatric sedation, preanesthetic hypnosis and obstetric amnesia 


Supplied in capsules, elixir, powder and sterile (intravenous) solution. 
Sharp & Dohme, Philadelphia 1, Pa 
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ANIMAL DISEASES OF PUBLIC HEALTH 
SIGNIFICANCE * 


By James H. STeeve,} Atlanta, Georgia 


Tue relation of disease in animals and man has been recognized for 
thousands of years. The earliest observations were recorded by the Egyptian 
physicians who administered to the ills of animals as well as to those of man. 
They had three theories for disease—meteorologic, magic and gastro 
etiologic. The third theory is supported by observations that those who 
ate the flesh of sick animals became ill themselves. Later the Greek and 
Roman physicians described the transmission of disease from animals to man 
by contact, e.g., rabies, and the similarity of the lesions, e.g., anthrax. All 
of the early Mediterranean countries practiced meat inspection. The ex- 
change of external parasites between man and animals was observed by the 
Arabic medical recorders. 

During the Middle Ages disease was attributed to all kinds of agents. 
There were no attempts to control infection until after the Crusades, when 
quarantine was inaugurated which was directed toward animals, e.g., sheep 
pox, as well as man. In the fourteenth century meat inspection was es- 
tablished in Germany to control measly pork. Previously the French 
government had had meat inspection in the large cities. During the suc- 
ceeding centuries there were many changes in meat inspection, and often it 
was discontinued because of wars, and various interpretations as to its 
value. On the other hand, there were reports without supporting evidence, 
that certain diseases of man were contracted from animals. Among these 
was syphilis. In the eighteenth century the lesions of bovine tuberculosis, 
especially those on the serous membranes which begin as reddish soft granu- 
lations and enlarge into nodules on the pleura, were thought to be a cause of 
syphilis.* Following the experiments of Graumann involving the trans- 
mission of syphilis, meat inspection was dropped in many parts of western 

* Presented at the Thirty-second Annual Session of the American College of Physicians, 
St. Louis, Mo., April 12, 1951. 

+ Veterinary Director, Communicable Disease Center, Public Health Service, Federal 
Security Agency, Atlanta, Georgia 

Copyright, 1952, by The American College of Physicians 
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Europe. It was not reéstablished until it was demonstrated by Kuchen 
meister and Paget in the mid-nineteenth century that pork tapeworm and 
trichinosis were transmitted to man by contaminated pork products. 

The evidence of the transmission of animal diseases by routes other than 
ingestion was presented by Jenner in the case of cowpox in 1796, and by 
Zinkle in 1804 when he demonstrated that the saliva of rabid dogs was 
infectious. Anthrax was shown by Pollender in 1849 to be an infectious 
disease of both man and animals, and this was later confirmed by Davaine. 
The relation of animal-borne diseases to human health was further supported 
by the brilliant investigations of the founders of bacteriology.* * * 

Epidemiologic studies of tuberculosis of children revealed that the 
tuberculous cow and its contaminated milk were threats to human health. 
Chis problem more than any other emphasizes the interrelation of the health 
of man and animals. It has also shown what can be done to eradicate such 
diseases as bovine tuberculosis in man 

The present day problem of the relation of animal diseases to human 
health is much more complicated than previous investigations indicated 
lhese diseases can be divided into three categories as to their effect upon 
man 

1. The animal diseases which are communicable to man. There are 
more than 80 in this group, as reported by the WHO Group on Zoonoses 
lhey include viral, rickettsial, bacterial and parasitic diseases. 

2. The diseases of animals which are not considered a direct threat to 
the health of man, such as rinderpest, swine cholera, contagious pleuro 
pneumonia and bird malaria, but to jeopardize his economic welfare 
These diseases affect the health of large populations by the loss of essential 
protein foods, such as milk, meat and eggs, and cause shortages of other 
animal products that affect the well being of man, including wool, hides 
and medical products. The increased price of these animal products from 
losses due to disease also has its effect. 

3. The third category is made up of 1 and 2 and consists of diseases 
of lower vertebrates which may adapt themselves to man. The theory that 
the infectious diseases of the lower forms of life are struggling to adapt them 
selves to higher forms of life has been suggested by Burnet ° and supported 
by Meyer.* If these diseases are attempting to adapt themselves to a wider 
and higher host range, we have a difficult road ahead. Man has been able 
to adapt a number of diseases to new hosts in the laboratory, but these have 
not always been adaptations to more highly developed mammals 

The animal diseases transmissible to man have certain characteristics 
common to the entire group. Some of these are: 1. Infection in man is 
usually limited to the diseased individual, and there is seldom person-to 
person transmission. 2. The clinical and anatomic character of the disease 
in man is similar to that in animals, provided the portal of entry is the same. 
3. The highest incidence occurs in individuals whose occupations bring them 
into close contact with animals or animal products. 
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ANIMAL DISEASES OF PUBLIC HEALTH SIGNIFICANCI 


Previous writers on this subject have divided the diseases found in ani- 
mals that are transmissible to man into the following groups, according to 
the classification of the etiologic agents: (1) virus, (2) rickettsia, (3) 
bacteria, (4) fungus, (5) protozoa, (6) helminth, (7) arthropod and (8) 
toxin-produced diseases.*”'* In our discussions we will try to point out 
the characteristics of a prototype disease of each of the above groups.* 

In this virus group, rabies is the most important disease as far as human 
health is concerned. Other viral diseases of animal origin, such as the 
arthropod-borne encephalitides, psittacosis and jungle yellow fever, are 
important to the health of certain countries and would be a serious threat 
to parts of the world where they do not exist. Japanese B encephalitis and 
Venezuelan equine encephalomyelitis could be disturbing problems in the 
United States, to both animal and human health. Rabies is worldwide 
except for Australia, certain Pacific and Atlantic islands, Great Britain and 
Scandinavia. It has been described for thousands of years and its trans 
mission from animals to man recognized. The disease has been observed 
in North America since the eighteenth century, when it was described in 
dogs and foxes. The disease has been eradicated from certain areas, such 
as Great Britain, Scandinavia, Holland and Belgium, by animal control. 
The Pacific islands and Australia have never had the disease and have kept 
it out by strict quarantine. 

In the United States it has been difficult to control rabies by animal 
control for many reasons, one of the more pertinent being that there is con 
siderable sentiment for dogs, and popular opinion allows them the unfettered 
freedom of the streets or the countryside.'* Numerous local and state health 
agencies have demonstrated in the past decade that rabies can be con 
trolled by a program that includes (1) education of the community about 
rabies, (2) stray dog control, (3) immunization of resident dogs, and (4) 
reduction of wildlife reservoirs where they are involved.** Education of the 
community is largely directed at supporting the other essential features of a 
rabies-control program. Stray dog control requires capable dog wardens, 
mobile units and a good detention pound with humane euthanasia facilities. 
No canine immunization program can be successful if there remains at large 





a sizable stray dog population to maintain a rabies epizootic 

Successful canine immunization was demonstrated by Pasteur, but his 
method was impractical for large scale use. Semple developed the first 
rabies vaccine which could be carried to the field. Japanese veterinarians 
used this agent with success in the 1920's. It was first used in the United 
States in Vermont in 1928 with good results. ‘Following this, it gave 
variable results in the hands of investigators and health authorities. It was 
not until the Habel mouse protection test was developed that there was any 
way of measuring the value of the vaccine before it was released. Johnson, 
Leach and Webster carried on numerous laboratory and field trials with 


* To those interested in further information the WHO reports on brucellosis, rabies, and 
zoonoses are recommended.?: *. ® 
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rabies vaccination. In 1945 Johnson reported on the efficacy of canine 
Since then there has been an in 


immunization in the control of rabies. 
creasing acceptance of this procedure in rabies control, supported by dramatic 
results. The number of vaccinations has increased from less than 1,000,000 
in 1940 to over 3,500,000 in 1950. It is realized that the Semple phenolized 
tissue vaccine is not an ideal agent, hence considerable time has been devoted 
to the development of more efficient agents. Among these newer vaccines 
there are an avianized, ultra-violet attenuated type and a benzene extracted 
calcium acetate washed type. The adaptation of rabies virus to em- 
bryonated eggs was done by Koprowski and Cox with a virus referred to as 
the Flury strain.’’ Investigations with the avianized living vaccine have 
revealed that it provides very good protection for a year. Experiments 
are now under way to determine if the immunity extends beyond one year. 
Che ultra-violet vaccine is under study, as is the benzene extracted calcium 
acetate washed agent. The latter was developed for human rabies im 
munization to prevent the postvaccinal paralysis which sometimes follows 
the use of the usual tissue rabies vaccines. Another new development in the 
treatment of man and animals following rabies exposure is hyperimmune 
rabies serum. This product, made from rabbit or sheep blood, is being used 
to avoid postvaccinal paralysis, especially in persons such as veterinarians 
and animal handlers who have had previous antirabies vaccination. 

In the control of rabies, it is necessary to immunize at least 70 per cent 
of the resident dog population to prevent new outbreaks of the disease.’ 
It should also be realized that not all immunized animals will successfully 
resist the disease, especially if they are exposed to multiple bites from a rabid 
animal. Any animal so exposed should be detained for a six month period 
to be certain that it does not develop disease. The incubation period in 
dogs is usually 12 to 50 days, but it may extend beyond 200 days. There 
has been little investigation of treatment of exposed dogs since Pasteur’s 
original report. 

The importance of wild animal population reduction and control has 
heen emphasized by the sylvatic outbreaks of rabies in red and gray foxes 
in eastern and southern United States."* The states which are west of the 
Mississippi Valley have had a troublesome problem with skunks and civet 
cat rabies. In the West there are occasional reports of rabies in coyotes and 
wolves. Other animals reported infected are squirrels, opossums, wildcats, 
mountain lions, etc. The reduction in the number of these animals which 
are reservoirs is essential to the control of rabies. Reduction is usually 
done by trapping, shooting or poisoning under the direction of a wildlife 
management specialist. 

The control and eventual eradication of rabies are the primary objectives 
of veterinary public health activities. If the above outlined program can be 
effected in the epizodtic areas, the disease will eventually be eliminated. To 
do this, everyone who is concerned with rabies must convert others to the 
program 
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© fever is by far the most interesting rickettsial type of animal disease 
spread to man. This disease is not only of importance to civilian health, 
but during World War II it was a serious military disease problem in Ger- 
man troops in Greece and Allied troops in Italy.’ It is a disease of little 
economic importance, inasmuch as it produces no discernible symptoms in 
animals and does not interfere with lactation. Cattle, goats and sheep have 
been found naturally infected in the United States. In addition, the cattle 
ear tick (Otobius megnini), dog tick (Rhipicephalis sanguineus) and Rocky 
Mountain tick (Dermacentor andersoni) have been found infected in the 
West. Outside this country the lists of ticks and animals infected are 
larger.*” 

The causative organism, Coxiella burnetii, is found in the milk,” 
placenta ** and vaginal discharges of domestic animals. Bell, Beck and 
Huebner * reported on 50,000 human cases that had occurred in Los Angeles 
over a period of years. They pointed out that individuals who used raw 
milk had an incidence of disease which was ten-fold higher than consumers 
of pasteurized milk. The rate of infection also was significantly high among 
workers at dairies and people whose residences were close to dairy farms. 
An outbreak of Q fever among a ship’s crew was attributed to infected goats 
that were aboard in transit.** Infection associated with sheep has not 
always been satisfactorily explained.** Outbreaks among industrial workers 
handling sheep and sheep products have been reported.** Coxiella burnetii 
is one of the most tenacious organisms that has been studied. It will survive 
one-half of 1 per cent phenol for 96 hours at 4° C. and some will also survive 
the usual vat pasteurization temperature of 143° F. for 30 minutes. In- 
vestigations of effective control, including pasteurization and animal im- 
munization, are being followed. There is little evidence that blood-sucking 
arthropods are important in the transmission of the disease among animals 
or to man, even though they are often found infected. The possibilities of 
airborne infection are suggested in a study of an institutional outbreak of 
Q fever.” 

The control of Q fever is an unanswered problem, but it is realized that 
certain precautions can be taken. These include (1) pasteurization of 
dairy products—even though not 100 per cent effective, it destroys large 
numbers of C. burnetii; (2) the restriction of the movement of animals from 
enzootic areas to disease-free areas, unless it can be shown that they are 
disease-free; (3) the use of immunizing agents among laboratory and field 
investigators who are exposed to high concentrations of the organism 
These agents are not so effective as some other vaccines, but they do offer a 
certain degree of protection. The data that have been collected on the natural 
history of the disease seem to indicate that the control of the animal disease 
is important to public health. 

3rucellosis is one of the most common animal-to-man diseases in most 
parts of the world. It is exceeded only by bovine tuberculosis in the British 























516 JAMES H. STEELE 


Isles, Germany and eastern Europe; hydatid disease in Australia, Uruguay, 
Argentina and the eastern Mediterranean, and perhaps anthrax and lepto 
spirosis in certain other countries. The history of brucellosis or undulant 
fever is well known. The reported disease has increased steadily in man in 
the past 25 years in the United States, until recently, when there has been a 
slight drop. The reported number of human cases has varied between 
4,000 and 7,000 in the past decade, but public health authorities concerned 
with the disease have estimated that there may be more than 10,000 cases 
annually.*” The prevalence in cattle as indicated by blood agglutination 
tests has declined from 14 per cent in 1935 to less than 4 per cent in 1950.” 
The distribution in swine has probably increased in the past decade; how- 
ever, there are no accurate data to establish this as a fact. 

The disease may be transmitted from cows by the ingestion of con- 
taminated milk and milk products, but more often it is from direct contact 
with the cow that has delivered or aborted. The handling of the calf and 
the placenta and vaginal discharges are also dangerous types of exposure. 
Jordan reported in lowa that the rate of infection was much higher in 
male farm workers than in females or children on the same premises.” Other 
groups with high rates of infection are veterinarians, packing house em- 
ployees and rendering plant workers. It has been estimated that between 
one-half and two-thirds of all human infections can be attributed to occu- 
pational hazards.** *’ 

McCullough, in a study at packing houses in Chicago, recovered B. 
abortus, B. suis and B. melitensis from 35 swine out of 5,000 hogs ex- 
amined.” The isolation of the organism is always difficult, and these 
isolations probably represent only a small number of the infected animals. 
Most of the swine infection is reported in the Midwest, but the disease is 
also reported in the southern states. Hutchings, of Purdue University, in 
a study on meat products processed from diseased hogs, showed that 
Brucella suis could live for more than 20 days in a hog carcass.*° 

The transmission of brucellosis from swine to man is attributed to 
occupational contact on the farm or in the packing house. Vaginal dis 
charges, aborted pigs and semen of infected boars are highly contaminated 
sources of brucella. The quantities of semen from the boar are so great 
(200 to 400 c.c.) that they contaminate the premises.** It is known that 
the brucella may live outside the animal under favorable conditions. Oc 
casionally milk cows become infected with B. suis and spread the infection 
to human populations. 

Brucellosis in goats and sheep due to B. melitensis has been rare in the 
United States in recent years but is quite common in Mexico, Argentina, 
France, Spain, Italy and Malta.** | The presence of B. melitensis in swine 
and cattle has recently been observed and is difficult to explain.**** Hud 
dleson has suggested that the infection may have been introduced to the 
Midwest in cattle from the southwest range or Mexico." 
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The transmission of B. melitensis from goats and sheep to man has been 
uncommon in the United States, but in Latin America and Europe it is a 
serious problem. Castaneda is of the opinion that 95 per cent of the human 
infections in Mexico City are due to contaminated cheese and butter made 
from goat's milk.“ The goat also is likely to infect man at the time of 
parturition or abortion. The animals may be dangerous spreaders for 
months following abortion or parturition, after which the brucella may 
localize in regional lymph nodes or in the udder. The contamination of 
field greens and water supplies with brucella from sheep has been reported 
as a cause of human disease in France.’ 

Control measures to prevent the spread of disease from animals to man 
include (1) pasteurization of milk and milk products, including cheese; (2) 
the testing and removal of infected animals from the herd and, in the case 
of swine and goats, the sale of the herd for slaughter; (3) the immunization 
of calves between six and 12 months of age; (4) the strict earmarking of 
infected animals for slaughter only; (5) proof that animals offered for sale 
are free of disease and are from a disease-free herd, and (6) education of 
those who work with animals on how the disease is transmitted to man and 
what personal hygiene precautions should be followed. Meat inspection is 
of value in recognizing lesions in swine when present, but usually there is 
little or no gross pathologic evidence of disease in cattle. 

The control of brucellosis as a human disease is dependent upon its 
eradication in animals. Pasteurization has reduced the prevalence of 
disease in urban populations, but the incidence of brucellosis in rural and 
animal handling populations will remain high until bovine and porcine 
brucellosis are eliminated. 

There are other interesting bacterial diseases, such as salmonellosis, 
which probably has the widest host spectrum of any disease.** Salmonella 
infections are described in poultry, including all types of domestic fowl and 
many wild birds. Swine have the highest prevalence among slaughtered 
animals.** Dogs have been recognized in recent years as important carriers." 
Occasionally cattle and horses are reported infected.** 

Salmonella are usually transmitted to man in food products of animal 
origin, such as dried chicken egg powder, fresh duck eggs, poultry meat, 
sausage, head cheese and other ground meat products. An interesting 
epidemiologic observation about this disease is that it can be transmitted 
from man to animals as well as from animals to man. Its control is de 
pendent on animal hygiene, personal hygiene and the sanitary processing of 
foods of animal origin. 

The medical and public health importance of fungus diseases is a field 
that is developing rapidly. Numerous fungus diseases are described in man 
and animal, but it is difficult to ascertain whether they are all interrelated. 
One of the fungi thought to be communicable from animals to man is 
trichophytosis (ringworm), of which there are many species among dif- 
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ferent animal hosts.*° It is believed that man can transmit these fungi to 
animals. It is not uncommon for veterinarians to see lesions on animals 
similar to those seen in man. Among farmers who handle milk cows, certain 
types of bovine ringworm may develop on the forehead or head where they 
lean against the flank of cattle. 

Other fungus diseases, such as sporotrichosis, aspergillosis, histo- 
plasmosis and coccidioidomycosis, are found in both man and animals, but 
no one has shown that they are transmitted from animals to man. It is 
thought that both man and animals become infected from a common source. 
When cases are recognized in either species, they can be described as sentinel 
cases, indicating the disease is present in the area. 

The control of ringworm in animals is dependent on good veterinary 
medical care, zoOdhygiene and personal hygiene. These measures will pre- 
vent the transmission to man. 

There are no important protozoan diseases of higher animals which 
affect the health of man to any considerable degree in the United States. 
The transmission of Balantidium coli from swine to man has been reported 
under unusual circumstances.** Toxoplasmosis, giardiasis and amebic 
dysentery are reported in animals, but there is no evidence that they are 
transmitted to man from animals. In South America, Africa and Asia, 
Chagas’ disease, trypanosomiasis and leishmaniasis are serious diseases of 
man and animals. With the possible exception of Chagas’ disease, which 
has been reported in the Southwest, these diseases have not been reported in 
the United States, and fortunately there is little likelihood they can become 
established here because of the climate and ecology.“ 

There are many helminthic diseases of animals found in man. Fluke 
infestations of animals in this country do not seem to be important to man’s 
health except the schistosoma infections of birds which cause swimmer’s 
itch in the north central states.** In Southeast Asia, Schistosoma japonicum 
is found in dogs, pigs, monkeys, rats and water buffalo calves.” °° These 
animals may contaminate water courses with their feces, which carry the 
ova. Most of the human infection is due to contamination of the water 
by other human carriers, but the animals do contribute to the maintenance 
of the fluke in nature. 

The tapeworms of animals are numerous. The ones found in man in the 
United States are the rat tapeworms (HH ymenolepis nana and H. diminuta), 
the beef tapeworm (Taenia saginata) and the fish tapeworm (Diphyl- 
lobothrium latum). None of these is common. Outside this country, one 
of the dog tapeworms, Echinococcus granulosus, which causes hydatid 
disease in man and animals other than those of the canine family, is one of 
most important animal diseases found in man. It is a major problem on 
every continent except North America.** Dog control and treatment of 
infected dogs are essential to control it. Meat inspection and disposal of 
infected carcasses so as to prevent infection of dogs are necessary. 
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Trichinosis is reported more often than any other round worm infection 
in the United States. Trichinosis is stated to be more prevalent in the 


United States than in any other country of the world.” It is a disease which 
can be brought under control, provided regulations are adopted and enforced 
to prevent the feeding of raw garbage to swine.” The incidence of 


trichinosis in garbage-fed hogs is between 5 and 10 per cent. In grain-fed 
hogs it is less than 1 per cent. Most human outbreaks of disease occur 
among those who eat raw or semi-raw pork products. Quite often family 
groups become infected following the butchering of hogs and the preparation 
of homemade sausage. The later is one of the most common ways in which 
people infect themselves, that is, the custom of tasting the raw pork 
mixtures to determine if they are correctly spiced. If hygienic precautions, 
such as cooking pork meat products or avoiding tasting raw pork, were 
always heeded, they would do much to lower human incidence of the disease. 

The ectoparasites of animals that affect man include fleas, mites and 
ticks. All of these cause considerable irritation and, in some cases, carry 
diseases such as plague by the rat flea (Xenopsylla cheopis), and Rocky 
Mountain spotted fever by the dog tick (Dermacentor variabilis). Rickett- 
sialpox, caused by Rickettsia akari, is thought to be transmitted to man by 
the bite of the mouse mite (Allodermanyssus sanguineus). The chicken 
mite (Dermanyssus gallinae) is reported to harbor the virus of Western 
equine encephalomyelitis. The rat mite (Liponyssus bacoti) causes severe 
skin irritations in man. Some people may also have considerable discom 
fort from the fleas of domestic animals. Most of these problems can be 
controlled by good environmental and animal hygiene. The use of insecti 
cides has made life much more comfortable for millions of people. 

Many types of clostridium organisms are found in the digestive tract 
of animals, especially horses. These include Cl. tetani and Cl. botulinum, 
which can multiply in the intestinal tract of the host without causing any 
harm. They are passed out and contaminate the environment. Being a 
spore-former they may remain viable for an indefinite period of time when 
they enter a wound or food, where they can become toxin producers under 
certain conditions. The use of tetanus toxoid has reduced the incidence of 
disease in animals and man. Botulism is not uncommon in animals but rare 
inman. The outstanding advances in food technology in the past 30 years 
have made the disease almost unknown."° 

The second group of diseases, mentioned earlier, were those that do not 
produce disease in man. They are in many instances host-specific. They 
include hog cholera, a generalized virus disease of swine only; rinderpest, 
a generalized virus disease of cattle and closely related herbivora; dourine, 
a protozoan venereal infection of horses; Johne's disease, or paratubercu 
losis, caused by an acid-fast organism that produces in cattle a chronic, 
debilitating gastrointestinal infection; blackleg, a gas gangrene of cattle 
caused by Clostridium chauvet; anaplasmosis, an arthropod-borne protozoan 
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disease which is one of the most serious cattle diseases of the tropics and 
semitropics, and contagious pleuropneumonia, a virus infection of cattle 
which, incidentally, was the first animal disease eradicated in the United 
States. 

In this group there are also animal diseases with names indicating that 
they may be related to human disease, but no one has demonstrated any 
relationship. They include calf diphtheria, which has symptoms similar 
to the human disease but is caused by Actinomyces necrophorus; fowl diph 
theria, due to a virus; equine influenza, a virus disease with no relation to 
any other influenza viruses; canine infectious hepatitis ; fox encephalitis, and 
dog typhus.**** 

All of these diseases are important to man’s welfare and health because 
of their economic effect and of the loss of necessary animal power and prod- 
ucts, as illustrated in the following events. In 1946-47, rinderpest broke 
out in an epizoétic form in Southeast Asia. The disease of water buffalo 
and cattle was so widespread as to prevent the harvesting of the rice crops. 
The result was a shortage of food with far reaching political effects. The 
outbreak of foot-and-mouth disease in Mexico four years ago has cost our 
Government over $100,000,000, and the Mexican Government an equivalent 
amount. In addition, we have lost an important source of 600,000 head 
of feeder cattle, which were normally imported from Mexico annually. The 
vast meat resources of Uruguay and Argentina cannot be used in the United 
States because of the danger of the importation of foot-and-mouth disease 
In Central Africa there is an area of 4,000,000 square miles, one-third 
larger than our country, which would be a wonderful range country for 
livestock if it were free of trypanosomiasis, which affects animals and man. 
This area could probably produce most of the animal protein needs of 
Europe, Africa and a part of Asia. Assistance in the development of these 
areas can contribute to the improved health and economic standards of the 
world. Veterinary medical aid has been sent te countries that have re- 
quested it under the Economic Coéperation Administration. Similar as- 
sistance is being extended under the Point Four Program and through the 
World Health Organization, Food and Agriculture Organization and the 
Pan-American Sanitary Bureau. 

The last category of zoénoses, mentioned earlier, was that which bridges 
the first and second categories. They fall into a class of diseases found only 
occasionally in man, but, as Burnet points out, they may be examples of 
disease agents that are adapting themselves to higher forms of life.’ They 
include diseases such as Newcastle disease, or avian pneumoencephalitis, 
which is rarely reported in man, or foot-and-mouth disease, which the earlier 
medical literature reported quite often in man but today is rarely seen; few 
cases are ever confirmed. Sheep encephalomyelitis (or louping ill), vesicu 
lar stomatitis, Aujeszky’s disease (or pseudorabies) and infectious equine 
anemia are others. Swine influenza is one which seems to have a definite 
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serologic relation to human disease, but there is little epidemiologic evidence 
to associate it to influenza in man. All of these are similar in that they are 
virus diseases. Among the more highly developed animal disease agents, 
such as bacteria and protozoan and helminthic parasites, are numerous 
agents which are only occasionally reported in man. Listeria monocyto 
genes, a bacterial encephalitis of sheep and cattle, is an example. Among 
the parasitic diseases there are the Toxoplasma sp., Endamoeba sp., and 
Schistosomas of animals, birds and various round worms. 

In closing, it is well to point out that many of the animal diseases may 
be used aggressively in warfare. In World War I the French accused the 
Germans of introducing glanders among their military horses. During 
World War II there was considerable activity in the investigation of its 
potentiality. In reading Rosebury’s preliminary report to the National 
Research Council, one is impressed by the large number of animal disease 
agents that are adaptable to biologic warfare.”’ Many of the agents dis 
cussed could be used against both man and animals. Some of these are 
described as being air-borne infections. There is considerable information 
to support this hypothesis.’ *’ Some of it has appeared after retrospective 
examination of earlier epidemiologic reports."* In a more recent publica- 
tion, Rosebury poitts out the possibilities of biologic warfare and discusses 
a number of agents, most of which are the causes of animal diseases com 
municable to man. They include brucellosis, glanders, psittacosis, equine 
encephalomyelitis, anthrax and tularemia.” 


Biologic warfare is no longer a theory but a real possibility that can be 
effected against man and animals.” In either case, early recognition of the 
disease in man or animals will be of the utmost importance. Research is 
under way to develop faster methods of virus and bacteria recognition, but 
until these methods are available the first indication of disease introduction 
may be the symptoms observed in the higher mammalian species, including 


man. 

The control of animal diseases communicable to man in peace or war 
requires the codperation of the physician, the veterinarian, the public health 
departments, the animal health agencies and the public information services 
The physician who makes the diagnosis must report the case and supply the 
medical history to the epidemiologists who investigate the disease to deter- 
mine its origin. Often he is assisted by a public health veterinarian who is 
interested in the epizodtiology of the disease in animals and the possible 
involvement of contaminated food products of animal origin. After the 
animal source of the disease is identified, public health or animal disease 
control measures are put into effect. In many cases the services of other 
public health or biologic sciences are necessary, especially if there is a 
problem of water- or arthropod-borne diseases. 

Human medicine, veterinary medicine and the public health and biologic 
sciences have all made significant contributions to the advancement of the 
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health and welfare of man. They will no doubt continue to do so in the 
future, but their efforts and contributions will be even greater if they all 
have closer relations. Your President, Dr. William Middleton, pointed 
out the need for closer relations between our respective branches of medicine 
in his invitation to have me appear before the College. I wish to imple- 
ment his statement further by suggesting that joint meetings of physicians 
and veterinarians take place in local and state areas. The exchange of 
information in fields of mutual interest, such as the infectious diseases of 
animals transmissible to man and other phases of practice and research, 
will benefit all 
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AIR TRANSPORTATION OF CARDIAC AND 
PULMONARY PATIENTS * 


By Vincent M. Downey, Lt. Col., U.S.A.F. (MC), and Benjamin A. 
STRICKLAND, JR., Col., U.S.A.F. (MC), School of Aviation Medicine, 
United States Air Force 


Air transportation of patients has become commonplace. In quickly 
transporting the sick and wounded from distant areas of military operations, 
such as Korea, to well-equipped and well-staffed medical facilities which 
provide thorough, definitive treatment, the airplane is of the greatest value 
and has been acclaimed by many as one of the really great advances in mili 
tary medicine. 

This paper presents the findings of an investigation carried out by the 
United States Air Force Medical Service in the worldwide air evacuation 
system which has been in operation since 1942. An analysis has been made 
of 1,777 flights of patients with cardiac and pulmonary disorders. They 
were flown by the Military Air Transport Service during 1949. Only 
nonpressurized aircraft were used, and 96.5 per cent of the flights were 
below 10,000 feet. 

We have confined this study to disorders of the heart and lungs because 


these two systems are most likely to be affected by flight. The effects of 
flight on circulation and respiration in normal individuals have been thor- 
oughly discussed in the literature. There have been several studies of the 
effects of air transportation on clinical disorders, the first by Tillisch, Stotler 
and Lovelace,’ and the most recent by Strickland and Rafferty.’ 


METHOps 


Some of the patients were transported by air more than once. These 
we have considered as separate “patient flights.” Graduate nurses aboard 
the planes recorded the hospital diagnosis and made careful reports of what- 
ever symptoms the patient developed during the flight. Their reports also 
included any treatment necessary during flight and an estimate of its effec- 
tiveness. 

In this study we have analyzed these flights of cardiac and pulmonary 
patients and classified the symptoms reported. (See table 1.) Those un- 
related to the patient’s disease included symptoms of motion sickness and 
symptoms due to changes in barometri: pressure that would occur in normal 
individuals (such as block of the Eustachian tube). The symptoms which 
we considered to be related to the pathologic condition were those concern- 
_ _*Presented at the Thirty-second Annual Session of the American College of Physicians, 
St. Louis, Mo., April 10, 1951 
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ing the circulatory and respiratory systems, namely, dyspnea, cyanosis and 
pain in the chest. Headache and dizziness were considered related when 


occurring in the group of hypertensive patients 


Carpiac Drsorpers 


There have been many warnings about permitting cardiac patients to 
fly, in particular those who have coronary disease. The basis for most of 
these opinions *** has been the electrocardiographic changes which occur 
under conditions of hypoxia (oxygen want). In a recent article, May 
disagrees with the view that electrocardiographic changes are a measure of 
the ability of the individual to withstand hypoxia. May points out that, 
in the anoxemia test, the patient is suddenly elevated to a simulated altitude 
of 18,600 ft. by breathing 10 per cent oxygen. This is a far more severe 
test of the heart than an airplane ascent, since the plane must climb slowly, 
allowing time for coronary dilatation and compensation for hypoxia 


TaBLe | 
Classification of Reported Symptoms 


Unrelated Related 


Motion Sickness Respiratory difficulty 
Pallor Air hunger 
Sweating Cyanosis 
Mild gastrointestinal upset Chest pain 
Nausea Chills 
Vomiting Headache (in hypertensive) 
Due to Altitude Dizziness (in hypertensive) 
Intestinal gas 
Earache 
Toothache 
(c) Miscellaneous 
Nervous tremors 


“Weak and tired" 


rhe really important consideration in flight is the oxygen supply of the 
myocardium, which depends upon the coronary circulation but also upon 
the oxygen saturation of the blood. Most commercial and military evacua 
tion flights are carried out at cabin altitudes below 10,000 feet. At these 
levels, oxygen saturation of the blood remains above the safe level (over 
90 per cent). Above 15,000 feet, oxygen saturation falls off rapidly, so 
that no amount of coronary dilatation could provide a sufficient oxygen 
supply to the myocardium. Graybiel*® reported in 1941 that congestive 
failure and angina pectoris have been produced in patients with heart disease 
on exposure to altitudes between 14,000 and 20,000 feet without oxygen. 
For this reason, cardiac patients should not be exposed to altitudes above 
10,000 feet without oxygen. As a practical matter, Friedberg ’ states that 
most patients with angina pectoris tolerate flights at moderate altitudes 
without untoward symptoms 
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Tasie Il 


Incidence and Analysis of Symptoms Reported during 464 Flights of Patients 





| 
Analysis of Symptoms 


Unrelated Related 


j 
| 


| 


Type of Heart Disease 


Earache 


ber with Symptoms 


Total Flights 
Motion Sick 
Apprehension 
Precordial 
Pain 
Headache 
Dizziness 


( yanosis 


Angina pectoris 

Myocardial infarction (healed) 
\rteriosclerotic heart disease (unspeci- 
fied) 


. 


~~’ 
aAm~IN 


Essential hypertension 
Malignant hypertension 
Hypertension c cardiac dis. f 


Rheumatic fever 
Acute (45) 
Chronic (7) 
Unspecified (80) 
Rheumatic fever ¢ carditis 
Chorea € carditis 
Rheumatic heart disease, chronict 


Congenital 
Arrhythmias 


Pericarditis, chronic 
M yocarditis 
Acute (2) 
Chronic (7) 
Bact. endocarditis, acute 
Bact. endocarditis, subacute 


\ortic insufficiency 
Valvular disorders 


Cardiac enlargement or hypertrophy 
Unspecified heart diseaset 


464 436 





* Also had respiratory difficulty 
t Compensated. 


There were 464 reports on flights of patients with heart disease.* (See 


table 2.) It was somewhat surprising that 49 patients with coronary heart 
disease were flown. As at this time (January to: October, 1949), the mili- 
tary service prohibited air transportation of coronary cases until 60 days 

*Only 10 flights were above 10,000 feet, and no related symptoms were reported on 


these flights. One may consider that the entire group of cardiac patients flew below 10,000 
feet 
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following the last attack, all of these cases were chronic. None of the 12 
with a diagnosis of angina pectoris had any symptoms during flight. One 
of the patients with healed myocardial infarction, a 42 year old officer, de- 
veloped respiratory difficulty and slight precordial pain which were easily 
relieved after oxygen administration. 

There were 60 cases of essential hypertension without known cardiac 
involvement. Two of these had related symptoms. One experienced 
headache which was relieved on lying down, and the other, a 19 year old 
boy, developed dizziness. There were nine with a diagnosis of malignant 
hypertension. One of these developed an ear block on descent which, of 
course, was not related to his condition. There were 73 hypertensives who 
had established cardiac lesions. It is presumed that they were compensated 
at the time of the flight. 

Among the 31 rheumatic patients with known cardiac involvement were 
28 cases of acute rheumatic fever and three patients with chorea. One 
hundred thirty-two cases were diagnosed rheumatic fever. Because of the 
extremely high incidence of carditis in rheumatic fever, we have included 
these patients in the study although there was no mention of heart disease 
in their diagnosis. None of this group had any related symptoms. Seven 
were motion sick and one had earache and another apprehension. 

The congenital group is small; of the six cases, the one child who de- 
veloped related symptoms was cyanotic on the ground before the flight and 
became more cyanotic and somewhat dyspneic during the flight. He re- 
sponded to oxygen administration. 

Cardiac arrhythmias were not affected by flight. Nine cases of myo- 
carditis had no symptoms, nor did nine cases of pericarditis. One of the 
three cases with bacterial endocarditis became motion sick but had no other 
complaint. There were 10 patients with valvular disorders, five with 
cardiac enlargement and 19 with unspecified cardiac abnormalities. No 
one in these groups had any complaints. 


PULMONARY DtsorpDERS ( NON-TUBERCULOUS ) 


Pulmonary disturbances which require special consideration in air trans- 
portation are atelectasis or pneumothorax, severe bronchial asthma and 
febrile diseases, such as pneumonia, which may produce severe toxicity. 

In pneumothorax, the gases entrapped in the pleural space will expand 
with ascent. Tillisch* showed that at 10,000 feet the volume will equal 
one and one-half times sea-level volume. This expansion may or may not 
cause respiratory distress. A partial pneumothorax expanding 50 per cent 
may produce no symptoms. On the other hand, one death has been reported 
by Dowd * as a result of flying a patient with pneumothorax at 16,000 feet. 
Recent spontaneous pneumothorax has been feared because of the theoretic 
possibility of a flap valve’s opening from the bronchus to the pleura so that 
air could easily enter but could not get out of the pleural space, resulting in 
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a tension pneumothorax. This “armchair” reasoning has prevented the 
air transportation of many cases of spontaneous pneumothorax. 
There were 568 flights of patients with nontuberculous pulmonary dis- 
orders. (See table 3.) 
Taswe III 


Nontuberculous Pulmonary Disorders: Analysis of In-Flight Symptoms in 568 Flights 


Unrelated Related 


tal Flight 
Number wit! 
Symptoms 


Toc 


| Headache 


xthache 
| Chest Pain 


| Earache 


Pneumothorax (spontaneous) 
1 | Atelectasis (one lobe) 

0 | Atelectasis (unspecified) 

13 | Asthma, bronchial 

1 | Tumor, mediastinum 

3 | Tumor, bronchus 

0 | Tumor, lung parenchyma 

0 | Tumor, pleura (endothelioma) 


Pneumonia, acute 
Lung abscess 


bo | 
CO + | ers et 


| 


Pleurisy, chronic (non-tbe.) 
| Pleurisy, € effusion (non-tbc.) 
Empyema, acute (non-tbc.) 


4 
2 
1 


3 
3 
4 | Pleurisy, acute (non-tbc.) 
3 
2 
1 


| swoow 


| Bronchitis, chronic 
Bronchiectasis, one lobe (39) 
Bilateral (4) 
Unspecified (34) 
Pneumoconiosis 
Mycosis, lung 
| Sarcoidosis, lung 
| Hemothorax (traumatic) 
| Pulmonary hemorrhage 
| Undiagnosed pulmonary disease 


w ww 
NN ew 


Ww tw 


owue 
onu- 


* 2 dizzy (over 10,000 ft.); 1 sweating. 

t Chill 

Of the 19 cases of spontaneous pneumothorax, not one had any symp 
toms related to his condition. 

There were 16 cases of atelectasis, including one patient who had a 
massive collapse of a lung. None of these had any respiratory symptoms 
in flight. 

There were 215 cases of bronchial asthma. Seven had unrelated com 
plaints. Three of the six with related complaints had a frank attack of 
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asthma and two had some respiratory difficulty. Another had mild pain 
in the chest. Two and eight-tenths per cent of the 215 asthma patients had 
symptoms referable to the disorder. 

Thoracic neoplasms included four tumors of the mediastinum and four 
tumors of the pleura, with varying degrees of pleural effusion. There were 
29 lung tumors. Two of 15 cases of bronchogenic carcinoma experienced 
mild respiratory difficulty, presumably on the basis of blocking of the airway. 
Both of these patients were relieved with oxygen administration 

There were 27 cases of pneumonia. One of these, a 22 year old man, 
developed related symptoms. He had suffered extensive second- and third- 
degree burns and had developed pneumonia subsequent to the burns. Dur- 
ing flight he showed pallor and complained of stomachache and developed a 
mild chill and some dyspnea. 

Two of 21 patients with lung abscess developed pain in the chest which 
required simple medication. These patients are usually watched closely 
for coughing and vomiting because of the possibility that infective material 
might be spread to a noninvolved area of the lung by retching. 

Pleural effusion is not a serious problem, since fluid in the pleural space 
does not expand; hence the amount of respiratory embarrassment will not 
be increased by ascent to altitude. Of course, a large collection of fluid with 
respiratory embarrassment on the ground requires removal of the fluid 
before flight. 

The 95 cases of pleurisy included 49 cases of simple pleurisy without 
effusion, 31 cases of chronic pleurisy and 15 cases of pleurisy with effusion 
One patient with related symptoms was a 41 year old sergeant seriously ill 
with an acute pleurisy. He became airsick, was nauseated and vomited, 
and experienced respiratory difficulty at an altitude of 9,000 feet. His 
dyspnea was not relieved by descent to 7,000 feet but did respond to oxygen, 
and the flight was completed successfully. 

There were eight cases of nontuberculous empyema. All of these pa- 
tients were very ill. A 24 year old woman with a left empyema complained 
of pain and tightness in the chest at an altitude of about 10,000 feet. She 
developed some cyanosis and was relieved by oxygen. 

Of 77 patients with bronchiectasis, one developed related symptoms. 
He was an 18 year old boy with severe bronchiectasis of the left lower lobe. 
He showed severe apprehension before the flight and was nervous during 
the ascent. At 2,500 feet he complained of respiratory difficulty. It is very 
unlikely that this was due to the ascent, because the pressure differences from 
sea level to 2,500 feet are hardly sufficient to account for respiratory dif- 
ficulty 


Miscellaneous pulmonary diseases include two cases of pneumoconiosis, 


two cases of fungus disease of the lung, one case of sarcoidosis and nine 
undiagnosed pulmonary diseases. None of these patients had any related 
complaints 
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PULMONARY TUBERCULOSIS 


Patients with pulmonary tuberculosis ordinarily can be transported by 
air, but a minor percentage require special consideration. Roper and War- 
ing * have reported a study of possible later effects of air transportation of 
patients with tuberculosis. They followed a series of 143 patients for 
periods of up to four years after they had been flown. The flight had little 
or no effect upon the subsequent course of the tuberculosis in their series 
of cases. Two deaths occurred out of 143 patients, one seven months and 
the other 27 months following air evacuation. One cannot conclude that 
the flight produced this effect, or, if such a judgment is made, then one must 


TaBLe IV 


Pulmonary Tuberculosis: Analysis of In-Flight Symptoms in 745 Flights 


Analysis of In-Flight Symptoms 


Unrelated Related to Tbe 


Type of Disease 


Number without 
| Symptoms 

Number with 

Symptoms 

Motion 

Sick 

Other 


| 


| Total Flights 


| Hemop 
| tysis 


tw | 
— 
~ 


| Pulmonary tbe. 

| Obs. for pulmonary tbc. 

| Pulmonary tbe. moderately ad 

vanced 

| Pulmonary tbe. far advanced 
Pulmonary tbc. ¢ hemorrhage 
Pulmonary tbc. ¢ pneumothorax 
Pulmonary tbc. € effusion 
Pulmonary tbe. ¢ empyema 


a wn 
~~ D> 
wad 

Nw 
mrw | 


ne swe 


= 


745 


* Over 10,000 feet. 





also assume that the 89.5 per cent of the patients who improved following 
the flight did so because of the flight. 

There were 745 flights of patients with tuberculosis. (See table 4.) 
There were 560 reports with a diagnosis of pulmonary tuberculosis without 
further qualification. While it would be desirable to separate tuberculous 
patients into minimal, moderately advanced and far advanced, we are unable 
to make this distinction except where the specific diagnosis was noted on the 
report. Of the total of 560, 11 had related symptoms. Four had some 
dyspnea. All five patients who developed cyanosis were flying aboVe 10,000 
feet. One man complained of pain in the chest just before landing. An- 
other patient was acutely ill, with evidence of toxemia and a paroxysmal 
cough. He complained of pain in the chest during flight 
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Another group of 75 reports listed the diagnosis of “observation for 
This conforms to military practice; the diagnosis 


pulmonary tuberculosis.” 
It cannot 


is not made without the demonstration of the tubercle bacilli 
be stated how many of these patients actually had pulmonary tuberculosis 
Che presumption is, however, that a great majority of them had minimal 
disease. None of the group had related symptoms 

Chere were 43 patients who were diagnosed as moderately advanced 
'wo of these had related symptoms. One who had a temperature of 103° F 
before flight developed mild respiratory difficulty above 10,000 feet. The 
other complained of pain in the chest on landing. The latter patient was 
an emotionally unstable individual who was greatly upset, and it was dif 


ficult to interpret this pain 
TaBLe V 
Pulmonary Tuberculosis: Effect of Ascent over 10,000 Feet Altitude on the Incidence 
of Symptoms during Flight 


nrelated 


Other 


Type of Disease Altitude Flown 


ptoms 
Tired 
Respirator) 
Cyanosis 


Weak 


Headache 


3 
zZ 


Pallor 
| Sweat 


Syn 


Pulmonary th« Below 10,000 
Above 10,000 
Unknown 


Obs. for pul. tbe Below 10,000 
Above 10,000 
Unknown 


Pul. tbe. moderately | Below 10,000 
Above 10,000 


adv inc ed 
Unknown 


Pul. tbe. far ad Below 10,000 
Above 10,000 


vanced 
Unknown 
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CaBLeE V—Continued 





| 
| 
| 


Unrelated Related 





Type of Disease Altitude Flown 


Sickness 


Motion 
Pallor 
Sweat 


Number with 


— Symptoms 
| Respiratory 


| Difficulty 


| Chest Pain 


| Headache 


| 
| 


Pul. tbc. € hemor- Below 10,000 
rhage Above 10,000 


a | -- | Hemoptysis 


Pul. tbe. € pneumo- | Below 10,000 
thorax Above 10,000 


Pul. tbe. € pleural Below 10,000 
effusion Above 10,000 


Pul. tbc. € empyema | Below 10,000 
Above 10,000 


Total Below 10,000 (8.7%) 
Above 10,000 (20.2%) 
Unknown 


(9.0%) 


There were 41 cases diagnosed as far advanced pulmonary tuberculosis. 
Several of these were in serious condition at the time of their flight. Two 
showed related symptoms. One developed respiratory difficulty and air 
hunger which responded to oxygen. The other patient with dyspnea was 
a man with multiple cavities, who was on the seriously ill list at the time 


of the flight. 
Three patients with pulmonary tuberculosis had experienced a pulmonary 


hemorrhage shortly before the flight was undertaken. Renewal of the 
bleeding occurred in one of the three patients. He became motion sick and, 
as a result of vomiting three times during a one hour flight, brought 
up 200 c.c. of blood. Perhaps the motion sickness contributed to his 
hemoptysis. 

There were seven cases of pulmonary tuberculosis with pneumothorax. 
This presents a picture different from spontaneous pneumothorax. Two 








3 
4 


a ante  6T taNes: 
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of the tuberculous cases had related symptoms, whereas none of the 19 cases 
of spontaneous pneumothorax had any complaints. One of the tuberculous 
cases had already suffered complete collapse of one lung and was seriously 
ill. He developed respiratory difficulty which was relieved with oxygen 
The other had a tuberculous abscess of the right lung with a complication 
of pyopneumothorax on that side. He developed moderate thoracic pain 
which readily responded to simple analgesics and oxygen administration 

There were 11 cases of tuberculosis with pulmonary effusion and five 
of tuberculosis with empyema. Two of the 16 had respiratory difficulty 
above 10,000 feet 

The question of the effect of altitude on the development of in-flight 
symptoms was discussed by Roper and Waring.” We have divided our 
cases into those who flew above 10,000 feet and those who flew below that 
altitude. (See table 5.) Symptoms were reported in 8.7 per cent of 574 
cases in flight below 10,000 feet. On the other hand, symptoms were re 
ported in 20.2 per cent of 84 patients who flew above 10,000 feet 


SUMMARY 


The symptoms were reported in the group of 1,777 flights of patients 
with cardiac and pulmonary disorders. In 464 flights of patients with 
cardiac disease, four had related symptoms, an incidence of less than 1 per 
cent. None of the symptoms was severe, and none would contraindicate 
future air transportation of such patients. There were 568 flights of pa 
tients with pulmonary disorders other than tuberculosis, 2.4 per cent of 
whom had mild symptoms related to their disorder. There were 745 flights 
of patients with pulmonary tuberculosis and its complications, 2.7 per cent 
of whom exhibited mild or moderate symptoms related to their disorder 
rhere was no death in the total series. All of the flights were completed 
successfully 


CONCLUSIONS 


We have not observed any contraindications to the air transportation 
of cardiac or pulmonary cases in these flights below 10,000 feet. Moribund 
patients should not be transported by air or by any other means, and it is 
apparent that patients with certain cardiac disorders and with respiratory 
embarrassment will require oxygen therapy and experienced flight at 
tendants. Whether an individual patient should be transported by air or 
not depends upon his condition, the altitude to be flown, the availability of 
oxygen and the qualifications of the flight attendants. In general, however, 
a patient who can be transported at all can be flown below 10,000 feet 
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THE ENCEPHALOPATHY OF HYPERINSULINISM * 


sy S. K. Frneserc, M.D., and ALEXANDER ALTscHUL, M.D., F.A.C.P., 
New York, N.Y. 


HyYPERINSULINISM, in this discussion, is defined as the state produced 
by excessive amounts of insulin in the body, whether the insulin is exogenous 
or endogenous in origin. Although the term has been widely used since it 
was first proposed by Harris in 1924* as indicative of the clinical state 
produced by excessive endogenous (spontaneous) sources of insulin, as in 
hypertrophy, neoplasm or functional oversecretion of the islets of Langer- 
hans, the far more frequent occurrence of the inadvertent administration of 
overdoses of insulin lays greater claim to the usage and application of a 
name so descriptively clear in its semantics. The general adoption of this 
term, in the light of its broader meaning, would eliminate such unfounded, 
inaccurate and partially descriptive labels as “insulin shock,” “insulin reac- 
tion,” “insulin coma” and hypoglycemic “shock,” “reaction’’ or “coma.”’ 

The term “shock” is now applied to practically all conditions of acute 
peripheral circulatory collapse.* This state is rarely encountered, except 
terminally, as a manifestation of hyperinsulinism. Its popular use in this 
connection is therefore misleading and should be condemned. If used in 
the sense of a sudden severe stress to the organism, as in electric shock 
therapy, there still remains confusion with the shock syndrome of collapse. 
Coma is present during only one period of the multiphasic syndrome of 


“ 


hyperinsulinism which often presents cerebral manifestations not only 
before actual coma is reached, but also after consciousness has returned. 
Although coma is an outstanding symptom of hyperinsulinism, it is a part 
which should not be mistaken for the whole. Terms which include “coma,” 
therefore, are not sufficiently inclusive unless the reference is specifically to 
that phase of hyperinsulinism 

For many years an occasional lack of correlation between the clinical 
and laboratory observations in hyperinsulinism has been noted.**** The 
characteristic clinical symptoms may occur in the presence of normal or 
elevated levels of glucose in the blood, or may be absent in the presence of 
severely depressed levels. From these observations it is obvious that the 
utilization of glucose by the brain cannot be measured by the actual amount 
supplied to it (i.e., the amount of glucose in the blood stream). Despite 
an adequate supply (normal or elevated levels of glucose), there may be a 
lack of availability of glucose to the brain cells because of an impairment of 
the mechanism of transference of glucose from blood to tissue. Other 
possible explanations are an inability of the cells to absorb adequate amounts 


* Received for publication July 9, 1951 
From the Medical Service of The Harlem Hospital, New York, N. Y. 
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of glucose transferred to them, or to utilize it properly on delivery.’  A\l- 
though a state of cerebral glycopenia may be a large factor in the patho- 
genesis of the disturbed cerebral cellular metabolism which results, it ap- 
pears then that hypoglycemia is not the only altered physiologic state con- 
cerned. Consequently, to label this condition as “hypoglycemic”’ is to ignore 
the fact that on occasion hypoglycemia need not be present, and that possibly 
another factor must be present, at least in hyperinsulinism which is severe 
enough to produce permanent encephalopathy. Further discussion of this 
will be undertaken later. 

The variability and multiplicity of symptoms seen in hyperinsulinism 
are well known. These characteristics of the condition appear to be related 
to the size of the initiating dose of insulin, the inherent variability in re 
sponse to insulin of the individual, the widespread areas of the brain which 
may be affected and the particular phase eventually reached. All the symp- 
toms appear to be encephalopathic in origin. Usually they make their 
appearance in a definite sequence, and on that basis have been divided by 
Himwich ° into five groups or phases : 


1. Cortical Phase—depression of cortical functions 

2. Diencephalic Phase—freeing of subcortical motor nuclei from cortical 
regulation. 

3. Mesencephalic Phase—midbrain liberation 

4. Premyelencephalic Phase—resembles decerebrate rigidity (brain sec 
tioned through the mesencephalon ) 

5. Myelencephalic Phase 


In the precoma or cortical phase, many of the following symptoms may be 
seen: trembling, tenseness, cardiac palpitation, hunger, weakness, perspira 
tion, mental retardation, emotional instability, headache, nausea, areas of 
numbness, diplopia, wild excitement, mania, somnolence and disorientation. 
The symptoms noted in the early stages of coma are: muscle twitchings, 
spasms, convulsions, primitive movements (involuntary sucking and grasp 
ing, elicited by placing an object in the hand or between the lips), motor 
restlessness, hissing, snarling, grimacing, hyperirritability. As coma deepens, 
rigidity is characteristically observed, the Babinski response is positive and 
extensor spasms occur. This stage resembles decerebrate rigidity as severe 
opisthotonos may be present. In deepest coma are noted shallow respira 
tions, bradycardia, pallor, complete flaccidity, low temperature, pinpoint 
pupils, absent deep reflexes and absent corneal reflex. 

If the hypoglycemia is alleviated, the injury to the brain may prove of 
short duration and reversible, or, despite the attainment of hyperglycemia, it 
may prove to be irreversible. In the latter instance, the permanent results 
of encephalopathy may be hemiparesis, ataxia, incontinence, aphasia, cho 
reiform movements, Parkinsonism, epilepsy, mental deterioration or idiocy 
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Not infrequently the encephalopathy is so extensive that coma persists and 
death ensues in from three to 20 or more days.° 

Many believe that evidence of permanent damage to the central nervous 
system is encountered with relative rarity, considering the large number of 
diabetic persons who are treated daily with insulin.’ There are no available 
statistics relative to the incidence of even obvious instances of permanent 
encephalopathy produced by hyperinsulinism in the course of the treatment 
of diabetes mellitus. The incidence of such untoward results in the Sakel 
method of inducing the early coma phase of hyperinsulinism in the treatment 
of psychoses (“shock therapy’’) has been variously reported to be from 3 
per cent to 30 per cent.* Obviously this deliberate production of a more 
than moderate degree of hyperinsulinism would produce a higher incidence 
of cerebral damage than the inadvertent administration of overdoses of 
insulin. Statistics, were they available, would undoubtedly vary with the 
locality, and the education and intelligence of the persons under treatment. 
In our experience, instances of severe hyperinsulinism have been encountered 
more frequently, perhaps, than in the experience of many. This is probably 
due to the more frequent occurrence of apathy, ignorance, alcoholic addiction 
and personality defects among the diabetic persons of a large, poverty- 
stricken area. 

The following case records are illustrative of the encephalopathy pro- 
duced by severe hyperinsulinism : in case 1, a change in personality resulted ; 
in case 2, mental deterioration, partial paralysis and aphasia; in cases 3 and 
4, death. In addition, a fifth case (case 5), reported in detail previously,” 
in which encephalopathy appeared to be considerable but in which apparently 
complete recovery occurred, is included 


Case Reports 


Case 1. A 31 year old woman entered the hospital in coma at 4:30 p.m., Sep- 
tember 15, 1949. The history was furnished by the patient's sister. Shortly before 
admission she had been found unconscious, perspiring freely and breathing in a noisy 
manner. The patient was known to have had diabetes mellitus for 10 years. At 
1:00 p.m. on the day of admission she had received 60 units of protamine zinc insulin 
and, possibly, some regular insulin in addition. 

Initial examination disclosed a Negro woman in coma. The skin was cold and 
moist, respirations rapid and shallow, pupils dilated, equal and reacting promptly to 
light. The blood pressure was 110 mm. Hg systolic and 80 mm. diastolic. The heart 
sounds were normal, the rhythm was regular and the rate 92 per minute. There was 
no abnormal reflex or paralysis. During the examination, muscle twitchings in the 
arms and legs were noted Ihe urine on admission contained no sugar, acetone or 
albumin 

rhe patient was given 50 c.c. of 50 per cent glucose intravenously, followed by 
1,000 ¢.c. of 10 per cent glucose in distilled water. During this therapy, light con 
vulsions ceased and coma appeared to decrease as the patient became more restless 
and cried out at intervals. After several hours occasional traces of sugar were found 
in the urine, but approximately 18 hours after admission the blood sugar was reported 
to be “below 50 mg. per 100 c.c.,” and the carbon dioxide combining power was 48 
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vol. per 100 c.c. The patient remained in coma for more than 24 hours after its 
onset. When consciousness returned she appeared lethargic, irrational and com- 
pletely disoriented. Lumbar puncture on September 21 was productive of normal 
findings: initial pressure, 80 mm. H:O; crystal clear spinal fluid; no cell found. The 
abnormal mental state persisted unchanged for the next 10 days. During this period, 
despite the attainment of consciousness, the patient was totally incontinent of urine 
and feces. When insulin was given occasionally because of recurrent mild acidosis, 
it was noted that the fall of the blood sugar level was greater than expected. Difh- 
culty was encountered in controlling the diabetes because of unusually rapid swings 
from hypoglycemia to mild acidosis. On the ninth hospital day, slight left facial 
weakness and diminished left abdominal reflexes were diseovered. Eleven days after 
admission the patient became completely clear mentally and continent. She now 
exhibited amnesia for all the recent past events. For the remainder of her hospital 
stay, the patient, although rational, appeared to be withdrawn and melancholic. At 
times she would fly into a rage without provocation. This personality change was 
present at the time of discharge on October 15, 1949, one month after admission. 


Comment: Although the duration of coma in this case was not much 
more than 24 hours, considerable derangement of the mental processes per- 
sisted for 11 days. Incontinence, not an infrequent occurrence in hyper- 
insulinism, appeared to be unusual in degree and duration. In a group of 
disturbed patients with acute psychogenic psychoses, incontinence was re- 
ported to be a frequent symptom (20 to 30 per cent), particularly in de- 
mentia precox of the catatonic type and manic depression in the manic 
phase." Even after considerable improvement had occurred in 11 days, 
this patient’s behavior at times was suggestive of a psychosis. The sequelae 
of hyperinsulinism may mimic the inorganic psychoses. 


Case 2. A 48 year old woman entered the hospital in coma at 7:00 p.m. on May 
8, 1950. The history, later obtained from the husband, was that the patient had 
apparently fallen asleep earlier that day while sitting in a chair. Several hours later 
she began to perspire freely and to “foam at the mouth.” Since he could not arouse 
her, he summoned an ambulance. The patient was known to have had diabetes 
mellitus for about nine or 10 years. Recently she had been taking 60 units of 
protamine zinc insulin daily. In September, 1948, she had been treated at this hos- 
pital for diabetic acidosis. Since then she had complained of frequent dizzy spells, 
headaches and blurring of vision, especially in the evenings and early mornings. 
Four months before the present admission, during one of these episodes of vertigo, 
she fell and struck her head. The blow resulted in unconsciousness of unknown 
duration. Except for the addition of posterior nuchal pain, no alteration of symptoms 
was noted following this incident. 

Examination disclosed a well developed, fairly well nourished Negro woman in 
deep coma. The skin was cold and moist, and the respirations were stertorous 
Spasticity of the extremities was present, and occasional generalized clonic con- 
tractions were seen. The blood pressure was 110 mm. Hg systolic, 70 mm. diastolic; 
cardiac rhythm was regular, rate 96 per minute, and the heart sounds were of good 
quality. No murmur was heard. The deep reflexes were diminished and equal 
bilaterally. There was no motor weakness or sensory disturbance. The urine con- 
tained neither sugar nor acetone. 

The patient was given 100 c.c. of 50 per cent glucose, followed by an intravenous 
infusion of 10 per cent glucose in distilled water. Coma appeared to diminish some- 
what, but consciousness did not return. Lumbar puncture yielded crystal clear spinal 
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fluid under a pressure of 230 mm. of water. No cell was found. The blood sugar 
(after parenteral glucose) was 54 mg. per 100 c.c.; COs combining power, 62 vol. per 
100 c.c. 

The following morning deep coma was still present. The blood pressure was 
150 mm. Hg systolic, 80 mm. diastolic; temperature, 102.2° F. Rhonchi were heard 
over both lung fields. The pupils were pinpoint. The extremities were spastic, 
with the upper extremities held in flexion and the lower in extension. The deep 
reflexes were hyperactive and equal bilaterally. The Babinski reflex was positive 
bilaterally. No change in the patient's condition was noted despite the intermittent 
use of parenteral glucose solutions. Glycosuria appeared during glucose admin- 
istration but rapidly disappeared when this was interrupted. By afternoon the blood 
sugar level was 119 mg. per 100 c.c., and on May 10, the third hospital day, it was 
75 mg. per 100 c.c. From then on a moderate degree of hyperglycemia was almost 
constantly maintained. 

On the fourth day of coma, paralysis of the right upper extremity appeared. The 
biceps tendon reflex was greater on the left than on the right. The quadriceps 
femoris tendon reflexes were equal. There was absence of the ankle and abdominal 
reflexes. Moderate nuchal rigidity and deviation of the head and eyes to the left 
were present. The Babinski reflex was equivocal on the left and flexor in type on 
the right. Lumbar puncture again revealed a crystal clear spinal fluid. Initial 
pressure was 90 mm. of water. The fluid contained 6 lymphocytes per cu. mm. 

During the following 10 days no significant change in the patient’s condition 
occurred. Mild hypertension (164/94), rigidity, monoplegia and other evanescent 
neurologic signs were the outstanding features. Supportive therapy consisted mainly 
of the parenteral administration of amino acids, carbohydrate, salts and vitamins. In 
view of the desperate and unrelieved condition and the history of trauma to the head 
(albeit remote), a bilateral midtemporal trephination of the skull was performed 
rhe dura was found to be normal in appearance on both sides. When the dura was 
opened the brain herniated into the trephine openings. Its surface was injected but 
there was no evidence of loculated fluid or blood. Following operation the patient's 
general condition remained essentially unchanged. On the nineteenth day she became 
somewhat aware of her surroundings and was able to perform simple movements on re 
peated command. Slow improvement ensued. She remained lethargic and somnolent 
but more responsive. Aphasia and incontinence of urine and feces were present 
On the twenty-second day a small amount of nourishment was taken by mouth for 
the first time. Within two weeks she had become an.bulatory. However, further 
improvement was minimal. The gait was shuffling and uncertain, orientation and 
understanding were limited. Speech consisted only of the difficult repetition of a 
few words. Swings to moodiness and negativism were frequent. Gradually, con 
tinence returned. On December 22, 1950, more than six months after admission, 
she was transferred, in the same condition, to the home care service of the hospital 
At that time she was receiving a mixture of 20 units of regular and 10 units of 
protamine zinc insulin. Follow-up examination one year after admission disclosed 
that the patient was leading a totally dependent existence. The gait was shuffling 
understanding was adequate, orientation was not complete and aphasia was about 
60 per cent. Considerable paresis of the right upper extremity was present, and the 
Babinski reflex produced slight dorsiflexion bilaterally 


Comment: Permanent cerebral damage is so extensive in this case that 
the patient’s disability is practically total. However, that the patient re- 
covered at all after 19 days of unconsciousness is remarkable. The remote 
possibility of a subdural hematoma led to cerebral exploration when it ap 
peared that spontaneous improvement was not likely to occur 
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Case 3. A 66 year old Negro woman was admitted to the metabolic service at 
11:00 a.m. on September 4, 1946, from the diabetic clinic. She had been referred 
for diagnosis and control at the urgent request of the Social Service Department. The 
patient was not known to have diabetes mellitus but was a known alcoholic. Diabetes 
mellitus was suspected because of a moderate amount of glucose in the urine on two 
occasions. 

The patient gave a history of loss of weight, weakness, increasing dimness of 
vision and polyuria and polydipsia. She was rational and cooperative and appeared 
to be comfortable. There was evidence of recent loss of weight and dehydration. 
The pupils were equal but reacted sluggishly to light. Opacities of the lenses were 
noted, and only gross vision was present at a distance of three feet. The blood 
pressure was 150 mm. Hg systolic and 90 mm. diastolic. The heart was normal 
There was no abnormal reflex and no motor or sensory disturbance. The urine 
on admission contained sugar (4 plus) and acetone (1 plus). The specific gravity 
was 1.030. No albumin was present. The level of sugar in the blood was 580 mg. 
per 100 c.c. At 1:00 p.m. the patient was given 20 units of regular insulin. At 3:30 
p.m. the urine gave a 4 plus reaction for sugar, and a trace of acetone. She was 
given 20 units of regular insulin. From then until 9:00 p.m. the patient received 
additional regular insulin at intervals until a total of 215 units had been given. At 
that time she was receiving an intravenous infusion of 5 per cent glucose in saline, 
and the urine for the first time was found to contain less sugar (3 plus) and no ace- 
tone. From then until 3:00 a.m. the urine gave only a 1 plus reaction for sugar, and 
no further insulin was given. Intravenous infusions of 5 per cent glucose in saline 
totaling 1,500 c.c. were completed by 12:00 midnight. At 6:00 a.m. on September 5 
the patient’s condition was noted to be “poor,” and “incontinent care” was given by 
the floor nurse. The urine, obtained via catheter, was free of sugar. Shortly after, 
the patient was discovered to be in coma. She was perspiring freely and having 
clonic contractions of the right upper extremity. There were generalized spasticity 
and rigidity, slow, quiet respirations, grossly irregular cardiac rhythm and conjugate 
deviation of the eyes to the right. The blood pressure was 180 mm. Hg systolic and 
110 mm. diastolic. Fifty cubic centimeters of 50 per cent glucose were administered 
intravenously without noticeable change in the condition. In 20 to 30 minutes, 100 
c.c. of 50 per cent glucose and 0.5 gm. calcium gluconate were given intravenously, 
again without effect. An attempt at lumbar puncture was unsuccessful, apparently 
because of the rigidity and the presence of arthritis of the vertebrae. The blood 
sugar was 136 mg. per 100 c.c. after the intravenous administration of 75 gm. of 
glucose. The carbon dioxide combining power was 36 vol. per 100 c.c. An intra- 
venous infusion of 5 per cent glucose in saline was instituted, and in three or four 
hours glycosuria resulted. Coma appeared to decrease, as the patient now moaned 
and yawned at intervals. Conjugate deviation of the eyes to the right, right lateral 
rotation of the head and spasticity persisted. Twelve hours after the onset of coma 
she evidenced a fixed stare, with slow blinking of the eyes and fixed rotation of the 
head to the right. When the head was turned anteriorly a horizontal nystagmus 
was noted. The right lower extremity appeared to be more spastic than the left, 
and the Babinski reflex was positive on the left. An attempt at lumbar puncture was 
again unsuccessful. 

On September 6, more than 24 hours after the onset of coma, the patient’s con- 
dition remained essentially unchanged. The heart.was fibrillating slowly at' about 80 
per minute. The temperature was 104° F. No focal neurologic sign was present 
except for slight spasticity of the left upper extremity. The blood sugar was 220 mg. 
per 100 c.c. Forty-eight hours after the onset of coma the patient became semi- 
conscious. She was mute and resistive, and tended to maintain flexion of the lower 
extremities and the right upper extremity. There was a positive Babinski reflex 
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on the left and paralysis of the left upper extremity. Deep reflexes were absent 
For the next five days she continued in a semicomatose to conscious state, and ex- 
hibited complete aphasia, left-sided hemiplegia and bilaterally positive Babinski 
reflexes, more marked on the left. During this period the temperature became 
elevated. Treatment consisted of supportive measures and included penicillin, 
parenteral administration of amino acids and 5 per cent glucose in saline solution, 
large doses of vitamin B complex and thiamine chloride, and occasional small doses 
of regular insulin to prevent acidosis. She was permitted to have moderate and 
constant hyperglycemia and glycosuria. 

On the eighth day after the initial onset of coma, spasticity and left hemiparesis 
were still present, although they had varied in degree from time to time. Coma 
again supervened, gradually becoming deeper. This was associated with hyperpnea, 
which soon changed to Cheyne-Stokes respiration. On September 3, nine days after 
admission, the patient died 

Autopsy Findings: Autopsy, performed 12 hours after death, disclosed conges 
tion, hypostatic pneumonia and edema of the lungs, especially in the left lower lobe, 
which contained several small areas of infarction due to embolism. The heart was 
normal in size and appearance and weighed 275 gm. There was some atherosclerosis 
of the tricuspid and mitral valves and of the coronary arteries, but no significant 
narrowing or occlusion of the latter was noted. The aorta contained a moderate 
amount of atheromatous deposits, especially in the arch. There were congestive 
changes in the liver and gastrointestinal tract. The spleen was markedly atrophied 
and weighed only 45 gm. In the pancreas, occasional hydropic degeneration of the 
islet cells and fibrosis of the islets were observed. The kidneys were grossly normal 
in size and appearance, but microscopically there was a moderate degree of arterio 
sclerosis. The left adrenal gland appeared slightly enlarged. On microscopic sec- 
tion the cortices of both adrenals exhibited considerable hyperplasia of the cells of 
the zona fasciculata and zona reticularis. Areas of fatty degeneration, cloudy 
swelling, congestion and elastosis of arterioles were also seen in the cortical portions 
of the adrenal glands 

The changes in the brain appeared to be most significant. The brain weighed 
1,120 gm. and appeared grossly normal. The vessels at the base of the brain con 
tained a moderate amount of atheromata and sclerosis. Gross section of the brain 
disclosed no area of hemorrhage or softening. Microscopic preparations stained 
with hematoxylin and eosin revealed diffuse changes in practically all portions of 
the brain. The most extensive alterations were in the nuclei of the neurons, which 
in many instances were displaced, pyknotic and even fragmented. Other changes 
noted were perineuronal edema, swelling of axis cylinders, degeneration of myelin 
sheaths with edema, glial hyperplasia and congestion of blood vessels with vascular 
ization. These lesions were most prominent in the region of the globus pallidus 

Comment: Despite the fact that this patient was elderly and chronically 
addicted to the use of alcohol, factors which have been said to produce 
greater susceptibility to irreversible cerebral changes in hyperinsulinism, 
cellular alteration, not vascular, was the outstanding feature of the micro 
scopic lesions. This increased susceptibility, which has been noted in 
alcoholism, arteriosclerosis and prolonged chronic infections, need not be due 
to a direct effect of these conditions on the brain (e.g., vascular degenera- 
tion), but may be due to an insufficiency of adrenal cortical (insulin antagon- 
istic) hormones. This would be produced in the elderly by the “adreno 
pause” of Albright,’* and in alcoholism and chronic infection by the adrenal 
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exhaustion of the late stage of Selye’s adaptation syndrome. Recent 
observations of the beneficial effect of adrenocorticotropic and adrenal 
cortical hormones in the treatment of acute and chronic alcoholism," and 
the adrenal cortical hyperplasia found at postmortem examination in this 
case, would tend to corroborate this theory. 


Case 4. This was the twelfth admission of a 66 year old male who entered the 
hospital at 4:00 p.m., October 7, 1950, because of vomiting of two days’ duration 
Che patient was known to have had diabetes mellitus for 11 years. For the past six 
months he had been taking 15 to 20 units of protamine zinc insulin daily. He gave a 
history of having been on an alcoholic spree for a week and of having eaten very 
inadequately during that time. He had taken no insulin for four or five days. 

Review of Previous Admissions: First admission, July 21, 1945. Vomiting and 
abdominal pain; admitted alcoholism; discharge diagnosis, “acute alcoholic gastritis.” 
Urine did not contain sugar. Blood sugar 135 mg. per 100 c.c 

Second admission, April 22, 1946. Vomiting, nervousness, tremors; alcoholism 
Urinalysis: sugar, 4 plus; acetone, zero. Diagnosis, “acute gastritis.” No insulin 
therapy required on discharge. 

Third admission, July 13, 1946. Vomiting; diabetes “controlled on diet.” Ad 
mission urinalysis: sugar, zero: acetone, 4 plus. Blood sugar, 63 mg. per 100 c.c. 
lreated with intravenous glucose in saline. 

Fourth admission, December 22, 1946. Weakness and disorientation. Urin- 
alysis: sugar, zero; acetone, 4 plus. Left hospital against advice after two days 
lreated with 1,000 c.c. of 5 per cent glucose in saline intravenously. 

Fifth admission, March 14, 1948. Acute alcoholism with vomiting and marked 
tremors; alcoholism and inadequate diet for two years. Urine contained no sugar 
or acetone 

Sixth admission, July 18, 1948. Alcoholism, inadequate diet, insulin therapy 
stopped. Urine on admission contained sugar, 1 plus; acetone, 4 plus. Treated 
with intravenous infusion 5 per cent glucose in saline and 140 units of regular insulin 
in 14 hours. Gross tremors on admission; blood sugar (July 19), “below 50 mg. per 
100 c.c.”; blood sugar (July 23), 100 mg. per 100 c.c., with 2 plus reaction for sugar, 
3 plus reaction for acetone in urine; 58 mg. per cent July 28, with 3 plus glycosuria 


Glucose Tolerance Test, July 30, 1948 


Blood Sugar Levels Urine Sugar 
Fasting— 85 mg. per 100 c.c 0 
Half hour— 135 mg. per 100 c.c 0 
One hour— 167 mg. per 100 c.c 2 plus 
Two hours—230 mg. per 100 c.c 3 plus 


Discharged on protamine zinc insulin, units 12 daily. 

Seventh admission, November 27, 1948. Weakness, vomiting, abdominal pain. 
No glycosuria on admission; two days later, 3 plus glycosuria with 120 mg. per cent 
blood sugar 

Eighth admission, May 7, 1949. Vomiting. tremors, lethargy; no adherence to 
diet or insulin therapy. Three plus glycosuria, 3 plus acetonuria with blood sugar 
150 mg. per cent on admission. 


11/49, 3 plus glycosuria with 170 mg. per cent blood sugar, 
16/49, 3 plus glycosuria with 120 mg. per cent blood sugar, 
18/49, 4 plus glycosuria with 53 mg. per cent blood sugar, 
27/49, 2 plus glycosuria with 93 mg. per cent blood sugar 
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Ninth admission, September 11, 1949. Twenty-four hour admission for weak- 
ness and vomiting; alcoholism. Three plus glycosuria, 2 plus acetonuria with blood 
sugar 80 mg. per cent. Left hospital against advice. 

Tenth admission, November 2, 1949. Nausea and vomiting; no insulin for 
several days; no glycosuria on admission; blood sugar level “below 50 mg. per cent.” 
November 16: 2 plus glycosuria; blood sugar level, 110 mg. per cent. Discharged 
on a mixture of 50 units regular insulin and 25 units of protamine zinc insulin. 

Eleventh admission, March 22, 1950. Vomiting; on a drinking bout; stopped 
insulin therapy. Admission urinalysis: 4 plus sugar, 3 plus acetone; CO: combining 
power, 28 vol. per 100 c.c.; blood sugar 135 mg. per cent. Given 100 units regular 
insulin on admission. In five hours a total of 245 units of insulin was given; eight 
hours later deep coma, which responded to 100 c.c. 50 per cent glucose and 1,000 c.c 
5 per cent glucose in saline intravenously. The following morning, patient again 
became comatose and had a convulsion, with clonus mainly of the left side. Again 
responded to intravenous 50 per cent glucose; another episode of hyperinsulinism 
occurred 36 hours after admission. Again response to intravenous glucose was 
rapid. Discharged on a mixture of regular insulin, 40 units, protamine zinc insulin, 
20 units. 

Summary of Previous Admissions: All admissions appear to have been preceded 
and precipitated by episodes of acute alcoholism. This patient constantly disregarded 
all rules for the control of diabetes mellitus. There appears to be sufficient laboratory 
evidence in numerous hospital records and in the clinic record to suspect that a low 
renal threshold for glucose coexisted with diabetes mellitus in this patient. 

Final Admission: Examination disclosed a poorly nourished, elderly male, retch 
ing, slightly lethargic, with mild clouding of the sensorium but responsive and co 
operative. The conjunctivae and sclerae were suffused and injected. There was a 
coarse tremor of the tongue and hands. The blood pressure was 140 mm. Hg systolic 
and 70 mm. diastolic. A soft systolic murmur was heard at the apex; the heart was 
otherwise normal. Urinalysis on admission revealed 2 plus glycosuria and 4 plus 
acetonuria. Five per cent glucose in saline solution containing large doses of 
thiamine chloride was started intravenously, and 30 units of regular insulin were 
given immediately. Three hours later the urine gave a 3 plus reaction for sugar 
and 3 plus for acetone, and again 30 units of regular insulin were given. In all, a 
total of 150 units of regular insulin was given in the first eight hours after admission, 
until at 12:00 midnight the urine was free of sugar and acetone. During the night 
an additional 1,000 c.c. (total, 3,000 c.c.) of 5 per cent glucose in saline containing 
200 mg. of thiamine chloride were given. Twelve hours after admission, the patient 
became somewhat confused and restless and had to be restrained. Several hours 
later deep coma supervened. At this time rales appeared over both lung fields, and 
the urine contained no sugar, but a 4 plus reaction for acetone was obtained. The 
blood sugar was 20 mg. per 100 c.c. (no correction for non-glucose reducing sub- 
Lumbar puncture produced clear 


stances; true blood sugar level probably zero) 
No response was obtained with 


spinal fluid under a pressure of 260 mm. of water. 
the administration of 50 c.c. of 50 per cent glucose followed by 1,000 c.c. of 10 per 
cent glucose in distilled water. Later that day, glycosuria again became evident, 
with slight acetonuria. At 8:00 p.m. the patient had a series of short convulsive 
seizures. Following this a suggestion of a left-sided hemiparesis was noted. Despite 
the attainment and maintenance of hyperglycemia, coma persisted without change. 
\fter four days of coma, Cheyne-Stokes respiration, nuchal rigidity, slight spasticity 
of the right upper and lower extremities and complete flaccidity of the left upper 


and lower extremities were noted. On the fifth day of coma the patient died 
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Comment: On at least six occasions where full data are available, this 
patient entered the hospital with levels of the blood sugar below 150 mg. 
per 100 c.c. despite a urine content of sugar and acetone ranging up to the 
maximum of grossly quantitative tests (4 plus). Only prompt discovery 
of hyperinsulinism on the next-to-the-last admission averted disaster then. 
The combined presence in this patient of diabetes mellitus and a lowered 
renal threshold for glucose seems almost unquestionable. This has been 
a not infrequent occurrence in our experience. If the diabetes is difficult 
to control (as in this case), the combination is potentially dangerous. The 
treatment of diabetic acidosis in such patients requires immediate large 
quantities of glucose and relatively small doses of insulin for obvious reasons. 
The determination of the blood sugar level within an hour of admission at 
any hour of the day or night is necessary for the prompt recognition and 
correct treatment of diabetic complications. 


Case 5. A 15 year old Negro girl was admitted to the metabolic service in coma 
at 11:30 a.m., March 3, 1947. From the age of seven she had had severe, unstable 
diabetes which required large doses of insulin. In the past six years she had been 
admitted 13 times to this institution alone. The majority of these episodes were 
diabetic acidosis, although an occasional episode of hyperinsulinism was seen. At 
the time of this admission, no history of either the past or the present was available 

Examination disclosed stertorous respirations, unconsciousness with vigorous 
reaction to stimuli, blood pressure 140 mm. Hg systolic and 90 mm. diastolic, and 
tachycardia. The remainder of the physical examination was essentially within 
normal limits. The urine obtained by catheterization contained sugar, 4 plus, and 
acetone, 3 plus. The patient was given an intravenous infusion of 5 per cent glucose 
in saline solution and 30 units of regular insulin. At 1:00 p.m. the admission blood 
sugar was reported to be “less than 50 mg. per 100 c.c.”; COs combining power, 64 
vol. per 100 c.c. It was realized then that despite the presence of sugar and acetone in 
the urine the patient was in a state of hyperinsulinism. Partial response to the 
intravenous administration of hypertonic glucose solution was seen, but shortly there- 
after the patient again lapsed into coma, with light convulsions. With continued 
administration of intravenous glucese the patient gradually became rational enough 
to offer responses to questioning. However, it was practically impossible to main- 
tain the administration of glucose for more than 20 to 30 minutes at a time. As 
coma would diminish she would exhibit violent restlessness bordering on maniacal 
behavior. For the next 18 hours the depth of coma varied with the amount of 
glucose being instilled intravenously at the time. The blood sugar level could not 
be elevated above 50 mg. per 100 c.c. During this period about 50 to 70 gm. of glu 
cose were given intravenously. 

Twenty-four hours after admission the urine was still free of sugar, the blood 
sugar was 62 mg. per 100 c.c., and the carbon dioxide combining power was 58 vol 
per 100 c.c. The patient was in deep coma and nonresponsive. The respirations 
were slow, deep and regular; pulse, 112 per minute; blood pressure, 120 mm. Hg 
systolic and 80 mm. diastolic; rectal temperature, 101.2° F. The pupils were equal 
and reacted to light. The deep reflexes were equal and hyperactive. There was no 
apparent motor weakness. Further history was now obtained from the girl’s mother 
For from two to three weeks the patient had been having frequent mild episodes of 
hyperinsulinism in the early morning on a dosage of 90 units of globin insulin before 
breakfast and 60 units of globin insulin before dinner. She had found her daughter 
unconscious in the morning following an evening of strenuous dancing 
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Heroic measures were now instituted to overcome hypoglycemia. A vein was 
phlebotomized, 50 c.c. of 50 per cent glucose solution were injected, and the arm was 
restrained manually for over two hours while a solution of 10 per cent glucose was 
rapidly instilled. After one and a half hours of this therapy the urine gave a 4 plus 
reaction for sugar 3y 3:00 p.m. that afternoon the blood sugar level was 175 mg 
per 100 c.c. Despite this attainment of hyperglycemia, the patient’s condition improved 
only slightly. Although she opened her eyes on stimulation, there was no response 
to questions and no recognition of her familiar surroundings. 

On March 5, 48 hours after admission, the mental state remained essentially un 
changed. The blood sugar was 290 mg. per 100 c.c., and considerable glycosuria 
was evident (4 plus). The deep reflexes were still hyperactive and equal. Slight 
widening of the right palpebral fissure, with slight flattening of the right nasolabial 
fold and suggestive motor weakness on the right were now present. A _ positive 
Babinski reflex was elicited on the left, with an equivocal Babinski response on the 
right. During that day, restlessness and unconsciousness continued. Toward even- 
ing she suddenly became violent, stood up in bed shouting, and was again restrained 
with difficulty. The following morning, 72 hours after admission, the patient was 
mentally clear and alert, with no recollection of any events of the preceding three 
days. At this time the neurologic signs were diminished abdominal reflexes on the 
right and normal Babinski responses bilaterally. The blood sugar was 395 mg. per 
100 ¢.c., and more adequate insulin therapy was instituted. The remainder of the 
hospital stay was characterized by the usual difficulty in establishing control of glyco- 
suria and avoiding hypoglycemia. In part, the frequency of the latter was explained 
by the finding of a lowered renal threshold for glucose. She was discharged finally 
on a dosage of protamine zinc insulin, 75 units, and globin insulin, 115 units before 
breakfast daily. Glycosuria was moderately heavy (3 plus) during most of the 
day. No abnormal neurologic sign was present at the time of discharge from the 
hospital. An electroencephalogram taken April 15, 1948, one year after discharge, 
exhibited no abnormality of the brain waves. In the three years since discharge she 
has been readmitted 12 times. She has never evidenced impairment or deficiency of 
mentality. However, she does appear to be maladjusted, irresponsible and, in general, 
something of a behavior problem. This continues to be the major factor, producing 
a frequent need for hospitalization because of poor diabetic control 


Comment: In this case, despite the length of coma and the focal signs 
of organic cerebral damage in the post-hypoglycemic phase of hyperinsulin 
encephalopathy, recovery without apparent residua occurred. As far as 
present clinical and laboratory examination can determine, complete reversal 
to normal of the pathologic changes occurred. Whether this and many 
previous episodes of less severe hyperinsulinism have significantly contributed 
to the structure of this girl's personality cannot be stated dogmatically. 
Experience indicates that this is a possibility. The episode reported also 
illustrates the unreliability of the urine as an initial diagnostic indicator in 
diabetic persons in coma. 

Rapid and reliable means of determining the blood sugar level of all 
diabetics in coma must be available at any hour if diagnostic confusion is to 
be avoided 

Discussion 


rhat definite injury to the central nervous system, both temporary and 
permanent, can be produced by excessive amounts of insulin has been clearly 
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established and generally accepted. Confirmation of the nature and extent 
of the lesions has been more than ample.“ *******"** In general, the 
pathologic changes consist of widespread decrease, alteration and even com- 
plete destruction of neurones, especially of the cortex and basal ganglia, 
proliferation of the glial tissue and petechial hemorrhages. These changes 
are not actually specific but are sufficiently characteristic to be confirmatory 
when the history, clinical manifestations and course have indicated hyper- 
insulinism. The parenchymatous nature of the degenerative changes leads 
to such pathologic diagnoses as “degenerative encephalopathy” and “toxic 
encephalopathy.” ** In fact, the lesions are similar to, if not in some cases 
indistinguishable from, those found in primary degenerative diseases of the | 
central nervous system and to encephalopathies due to exogenous toxins, 
such as morphine and nitrous oxide. 

The mechanism by which insulin produces damage to the brain is poorly 
understood. Despite the large amount of investigative work on the subject, 
the explanations are as yet hypothetic. Recent advances in the study of 
glucose metabolism and insulin physiology, when properly applied, may yield 
the key to the problem. As previously discussed, the role usually attributed 
to hypoglycemia as sole cause of this condition is disputed because of an 
occasional lack of parallelism between the level of the blood sugar and the 
«8 To repeat: an insufficiency of glucose in the 


4, 16 


clinical manifestations. 
blood stream may not, under certain circumstances, produce an insufficiency 
of cerebral cellular content of glucose, and, conversely,’ a sufficient quantity 
of glucose in the blood stream does not insure an adequate intracellular 
content. However, the clinical manifestations and the underlying patho 
logic changes could be produced by an interference with the transference of 
glucose from blood to cerebral cell, or with glucose utilization within the cell. 
In the former instance, the result would be actual cellular glucopenia, and 
in the latter a failure of glucose oxidation. The phosphorylation of glucose 


to glucose-hexose-phosphate via its combination with adenosinetriphosphate 
under the influence of the enzyme hexokinase has been shown to be a pre 
requisite to the cellular transfer of glucose and its biochemical oxidation.” 
This enzymatic reaction is usually represented graphically as follows: 


Hexokinase 
Glucose + ATP — Glucose6PO,. + ADP 

An insufficiency of, or interference with, any of the three factors necessary 
for this reaction to proceed at a proper rate could, if prolonged, produce 
irreversible cellular damage or death. This effect is entirely limited to the 
central nervous system because of the dependence of nervous tissue on glucose 
as a source of metabolic energy. Other tissues can meet all their require 
ments by the utilization of fatty acids. Recent work has shown that nerve 
tissue can also oxidize acetoacetic acid and glutamic acid, but apparently not 
in sufficient quantities to maintain adequate nutrition.” 
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rhe effect of hypoglycemia, or an inadequate supply of glucose, on the 
hexokinase reaction appears obvious. As the sole mechanism, it is probably 
still the most widely accepted cause of the encephalopathy of hyperinsulinism. 
However, animal experiments with large doses of insulin indicate the pos- 
sibility of a direct toxic effect of insulin as at least an additional factor.* 
Animals given from 3 to 20 units of insulin per kilogram were maintained 
in periods of hypoglycemia ranging from six to 15 hours. It was found 
that the degree and extent of the period of hypoglycemia were not directly 
related to the outcome. Whether these animals recovered, succumbed or 
survived with evidence of injury to the central nervous system seemed to be 
related to the relative quantities of insulin injected. This apparent toxic 
effect of insulin was not seen even in the presence of large doses when the 
blood sugar level was maintained at normal levels by the continuous in 
fusion of glucose solution. These experiments suggest that, aside from 
hypoglycemia, large doses of insulin promote certain reactions in the cerebral 
cells which lead to serious injury when the blood sugar is low but which 
are prevented by a normal concentration of blood sugar. Others have 
commented on the limits of insulin dosage demonstrable in laboratory ani- 
mals, beyond which death can be delayed by glucose administration but not 
prevented. 

Recent work has demonstrated that insulin accelerates and promotes the 
hexokinase reaction by abolishing the inhibition of this reaction by anterior 
pituitary and adrenocortical hormones (inhibits the inhibitors).*** In 
this way it aids the initiation of a chain of reactions which leads either to 
glycogen formation and storage or glucose oxidation. This salutary action 
if insulin in physiologic amounts on the hexokinase reaction does not pre 
clude the possibility of a disruption of the effect when the quantity of insulin 
becomes excessive. Investigations along this line might shed some light on 
the unresolved question of whether the impairment of cellular metabolism is 
in any part due to a direct toxic effect of insulin. Pending the outcome ot 
such investigations, the use of the insulin-antagonistic pituitary adreno 
corticotropic and adrenocortical hormones is suggested in the treatment of 
hyperinsulinism in which encephalopathy has produced coma unresponsive 
to glucose administration 


SUMMARY 


1. Hyperinsulinism is commonly seen as a result of the injection of over 
doses of insulin and rarely as a result of hypersecretion or disease of the 
pancreas. The use of the term should not be limited to the latter conditions 
Its general adoption would eliminate the inaccurate and misleading term, 
“insulin shock.” 

2. The terms commonly used in connection with this syndrome refer 
to various phases and degrees of the encephalopathy always produced by 
hyperinsulinism 
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3. Cases are presented, with appropriate comments, which illustrate 
the protean manifestations and varied outcome of this condition. 


4. The pathogenesis of hyperinsulinism is discussed in the light of newer 
knowledge of carbohydrate metabolism and insulin physiology. 

5. The use of ACTH and adrenocortical hormone is suggested if the 
encephalopathy does not respond immediately to glucose and there appears to 
be danger of permanent cerebral damage 
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CIRCULATING EOSINOPHILS IN CARDIOVASCULAR 
STRESS * 


By Myrvin H. Exvestap, M.D., San Francisco, California, and Joserx 
Reep, M.D., Long Beach, California 


Since the description by Thorn ' of the eosinophil test for adrenal corti- 
cal function and the more general acceptance of Selye’s work * emphasizing 
the importance of the adrenal steroids in adaptation to all stress, the level 
of circulating eosinophils has been studied in many disease states. 

Thorn, Roche, Recant* and others have shown typical responses to 
anesthesia, surgical procedures, infections, etc., dependent on an intact hypo 
physeal-adrenal axis. A few counts following coronary occlusion have been 
reported.‘ In this study, 44 patients with suspected acute myocardial in 
farction or congestive failure have been followed with daily eosinophil counts 
to determine the level of cortical activity 


MECHANISM 


It has been demonstrated by Selye and others that systemic stress, be it 
cold, pain, anxiety, infection or starvation, sets up a series of alterations in 
the body grouped together under the term “general adaptation syndrome.” 


These include tachycardia, fever, sweating, hemoconcentration, elevated sedi- 
mentation rate, increased circulating fibrinogen, increased clotting tendency, 
leukocytosis, lymphopenia and eosinopenia. This chain of events is mediated 
primarily through the hypothalamus, pituitary and adrenal cortex, but other 
pathways, still unknown, probably also play an important role. 

Since the advent of ACTH and cortisone in clinical medicine, the cir- 
culating eosinophil count has been accepted as the most accurate index of 
the changes in output of adrenal steroids. In this study, the increase in 
circulating cortical hormones is measured by the degree of eosinopenia, 
which, we believe, gives an approximation of the amount of systemic stress 
present 

PROCEDURE 

Daily counts were done by a modification of the method of Dunger.’ 
Oxalated blood was drawn to the | cm. mark in the white pipette and diluted 
with an aqueous eosin and acetone solution. The average of two counts was 
recorded, all by the same person 

The cases were divided into four groups 

1. Those showing a typical clinical course and electrocardiographic 

evidence of a through-and-through infarction 

* Received for publication March 24, 1951 
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rhose with a typical course and electrocardiographic evidence of sub 
endocardial infarction 

Those with acute congestive failure and pulmonary edema 

Those with a history suggestive of infarction in which the electro 
cardiogram was not diagnostic. 


To evaluate the degree of eosinopenia, an estimated normal was made 
from the last few determinations on each patient, as a pre-stress value was 
obviously unobtainable 


RESULTS 


The 17 patients with through-and-through infarctions showed a drop 
to 20 or below for from two to six days, and an average of five days, and 
all but one (a fatal case complicated by cirrhosis) were at 20 or below on 
the second day. About the fifth day came a sharp rise, with a leveling off 
somewhat below this peak. 

Seven of these (figure 1) had definite congestive failure, and from this 
group came five of the seven deaths. The other two deaths followed a cere 
bral embolus and a second myocardial infarction. Figure 2 illustrates the 
course of those who died. 

Illustrating this group in figure 3 is a 48 year old welder who, while 
working, had a crushing, substernal pain, radiating down the left arm and 
associated with sweating, nausea and breathlessness. Physical examination 
was essentially negative. The blood pressure was 140 mm. Hg systolic and 
8O mm. diastolic; the sedimentation rate 45, and the leukocyte count 14,000. 
rhe electrocardiogram showed a recent posterior infarction. The eosino 
phils dropped to 20 on the second day and stayed low until the sixth day, 
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when they started rising to 260, then gradually dropped to about 100. The 
reciprocal relationship between the eosinophils and fever is typical for this 
group as a whole 

Thirteen cases with typical histories and electrocardiograms showing 
“sandwich” T waves and ST segment deviations in the precordial leads 
were studied. These were diagnosed as subendocardial infarction. The 
count dropped to 20 or below for an average of one and seven-tenths days 
and stayed at 50 per cent below estimated normal for an average of three 
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and three-tenths days, two days less than the previous group. The presence 
of less injured muscle was also reflected by little fever, lower average leuko- 
cyte counts and sedimentation rates, and no deaths. Figure 4 shows that 
the trend was not nearly so consistent as in the first group. 

Illustrative of this group is a 68 year old female admitting chest pain 
on exertion for three years. She awakened with a constricting pain in the 
epigastrium, chest and left arm, associated with vomiting, sweating and 
prostration. Nitroglycerin gave no relief. Examination was negative ex- 
cept for tenderness in the right upper quadrant, thought due to distention 
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ic. 5 (a and b) Sixty-eight year old female with subendocardial infarction 


of the liver Che electrocardiogram suggested a small subendocardial in 
farction. Figure 5 shows that her eosinopenia lasted three days, then a rise 
to 160 occurred. She finally leveled off at about 120 and has done well since 
her discharge 

Four cases of acute congestive failure were studied with initial counts 
done from four to six hours after onset of the pulmonary edema. Each 
developed an eosinopenia on the second day but the counts promptly rose to 
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a high level on the third or fourth. These patients steadily improved and 
were discharged in a week to 10 days. Listed with these in figure 6 is a 
case of auricular tachycardia who complained of malaise, weakness and 
dyspnea but showed no other signs of failure. He showed no significant 
eosinopenia, as represented by the broken line. 
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Nine cases with a history suggestive of infarction and presenting incon 
clusive electrocardiograms were followed for from three to 20 days. The 
average drop below 50 per cent was only one and three-tenths days, and only 
five went to 20 or less. Four of these had left bundle branch block, and it 
was felt that three probably had an infarction, one of whom died in pul 
monary edema and uremia on the eighteenth day. In these three, the 
eosinopenia lasted for an average of three days. (The patient who died 
showed a drop again to a low level on the eighth day which persisted until 
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death.) In the others, although cardiac pain was present, a significant 
eosinopenia did not ensue 

In this group was a 58 year old nurse with systolic hypertension who 
admitted to angina for eight years. After emotional stress she had sudden 
dizziness, followed by a squeezing precordial pain radiating into the neck 
with numbness in the left hand. Examination revealed the blood pressure 
to be 150 mm. Hg systolic and 90 mm. diastolic, and the pulse to be 90. The 
sedimentation rate was 34 and the leukocyte count 6,000. Electrocardio 
gram was suggestive of myocardial damage, but no recent infarction was 
evident. Because her eosinophils dropped less than 50 per cent, it was con- 
cluded there had been no infarction and she was released to work after five 
days. She is now doing well, and no new symptom or electrocardiographic 
change has deveioped. 

\lso in this group was a 60 year old female who had sudden crushing 
precordial pain associated with nausea, but no vomiting. Slight sweating 
and dyspnea were present. There was no previous cardiac history. The 
blood pressure was 94 mm. Hg systolic and 60 mm. diastolic, and pulse was 
88; a few basal rales were heard. The sedimentation rate was 35 and the 
leukocyte count was 18,000. The electrocardiogram revealed left bundle 
branch block. It was felt that this patient had an acute infarction because 
of the leukocytosis and eosinopenia 


DiscUSSION 


Roche, Hills and Thorn® reported the eosinopenia following major 
surgery usually was terminated by a marked rise on the third day, which 
they interpreted as indicating a decrease in cortical activity and a return 
to normal adrenal cortical reserve. It is interesting that, following myo 
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cardial damage, this rise occasionally did not occur until the seventh or 
eighth day, with the average on the fifth. It appeared that the number of 
days of eosinopenia roughly paralleled clinical signs of difficulty, such as 
congestive failure, fever and continued paing 
In many cases of suspected infarction, the history of pain, a symptom 


often hard to evaluate, is the main key to diagnosis and prognosis. As the 


pain alone did not produce much depression of eosinophils, it might be that 
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the amount of actual stress could be estimated by the eosinophil curve as 
well as by the old criteria, the leukocytosis, elevated sedimentation rate and 
fever. In the presence of equivocal electrocardiographic findings, it may 
be of value as an adjunct in diagnosis. We hope that after further study it 
may also aid in determining the extent of muscle destruction 

It is well to reémphasize that the drop in eosinophils is a nonspecific 
phenomenon and will in no way aid in differential diagnosis when infectious 
processes and other types of stress are concerned 


SUMMARY 


rhe eosinopenia following cardiovascular stress was determined and its 
possible value as an adjunct to diagnosis and prognosis was discussed 
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SALT DEPLETION SYNDROME WITH INCREASING 
EDEMA OCCURRING DURING MERCURIAL 
DIURETIC THERAPY * 


By James S. McLester, M.D., F.A.C.P., and Howarp L. Hottey, M.D., 
F.A.C.P., Birmingham, Alabama 


ELECTROLYTE imbalance is sometimes produced by the administration of 
mercurial diuretics. This is an expression in large part of the depletion of 
the salt content of the body’s extracellular fluid, and there may result a salt 
depletion syndrome similar to that described by Schroeder.’ This is usually 
seen in patients who are handicapped by a preéxisting diminution of renal 
reserve and is manifested clinically by lassitude, apathy, anorexia, nausea 


and failure of renal function. 

In addition to these phenomena, an increasing edema was seen in three 
of our patients to whom large amounts of mercurial diuretics were being 
administered. We believe this is the first reported incidence of this unusual 
syndrome. The purpose of this paper is to tell of these observations. 


Case Reports 


rhe first patient was a 55 year old white male who suffered myocardial infarction 
one year before admission and subsequently developed cardiac failure. During this 
interval he had subsisted on a “salt free” diet providing less than 1 gm. of sodium 
chloride daily and had been given two to three intramuscular injections of Mercu- 
hydrin weekly. This was in addition to apparently adequate digitalis therapy. Dur- 
ing the three months before admission it had been thought advisable to increase the 
Mercuhydrin to daily injections. Approximately three weeks before admission it 
was observed that he was gradually gaining weight, and edema appeared in the legs 
and presacral area. There had been progressive oliguria during this period. He 
became disoriented and increasingly somnolent. 

It was quite evident on admission that the patient suffered from progressive renal 
failure with uremia. The urinary output was 300 c.c. during the first 12 hours after 
admission. The non-protein nitrogen was 160 mg. per cent, the serum sodium was 
120 mEq. and the serum chloride was 67 mEq. Evidence of acidosis was present. 
A tentative diagnosis of salt depletion syndrome was made, and 1,000 c.c. of a 5 per 
cent sodium chloride solution given. Diuresis followed, and all evidences of uremia 
disappeared 

The second patient was a 64 year old colored male with congestive heart 
failure secondary to hypertensive cardiovascular disease who had been followed in the 
outpatient clinic. There had been adequate digitalis therapy with “salt free” diet 
and the occasional intramuscular administration of mercurial diuretics. This therapy 
had been continued with only minor alterations for approximately one year. One 
month prior to admission to the hospital it had been found that, to maintain an ade 
quate dry weight, he required Mercuhydrin, 2 c.c. twice weekly, but even this was 
soon of no avail. His edema increased and he was admitted to the hospital with a 

* Received for publication March 5, 1951. 
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history of disorientation and rapidly increasing edema. There was oliguria with 
generalized edema extending to the upper extremities and the face. He was comatose 
rhe non-protein nitrogen was 188 


and there was a uriniferous odor to the breath 
The serum sodium was 121 mEq., 


mg. per cent; the creatine, 5.5 mg. per cent 
potassium 6.5 mEq., chlorides 70 mEq. and carbon dioxide combining power was 
12 mEq. Uremic coma was obvious. 

It was thought that this patient’s uremia was due to a low salt syndrome, and 
an adequate restitution of electrolyte content of extracellular fluid was attempted 
Five hundred cubic centimeters of 5 per cent solution of sodium chloride were ad- 
ministered intravenously, and during the next five hours there was an increase in the 
urinary output. Diuresis followed, but the patient was found dead in bed several 
hours later. At autopsy the findings were those of congestive heart failure apparently 
secondary to hypertensive cardiovascular disease. No adequate cause was found 
for the sudden death. We believe that this represented a low salt syndrome with 
hypervolemia which resulted in myocardial failure before adequate therapy could be 
attained 

rhe third patient was a 43 year old colored male who had been in the hos- 
pital 13 months previously with congestive heart failure. At that time he was in 
congestive failure secondary to hypertensive cardiovascular disease, with possible 
chronic healed pyelonephritis. This latter diagnosis was based upon the history 
of urinary calculus with repeated bouts of urinary infection. He had been main- 
tained on adequate digitalis therapy with a low salt diet and was later given injections 
of mercurial diuretics, 2 c.c. once each week. He had apparently been properly 
stabilized over a period of one year. The patient was thoroughly cooperative and 
observed closely the dietary regimen, which provided an intake of approximately 
500 mg. of sodium daily. During his weekly visits to the clinic he showed no evidence 
of failure. He discontinued his visits to the clinic about one month prior to the 
second admission to the hospital and was treated at home by his local physician. 

He was admitted to the hospital with generalized edema. During the previous 
10 days he had been irrational and somnolent. He had been treated by his local 
physician during the two weeks prior to admission with Mercuhydrin injections twice 
daily, 2 c.c. each, digitalis and a “salt free” diet. There was marked oliguria, the 
edema became more marked, and evidences of uremia appeared. On admission 
to the hospital the patient was irrational, and there was a uriniferous odor to the 
breath. The non-protein nitrogen was 140, the creatine 6 mg. per cent. The serum 
sodium was 120 mEq., potassium 5.5 mEq., and chlorides 69 mEq. per liter. The 
carbon dioxide combining power was 10 mEq. There was only a small amount of 
urine in the bladder, and this was highly colored. The patient was given 500 c.c. of 
5 per cent sodium chloride solution, and diuresis followed. The edema subsided, and 
the symptoms of uremia rapidly disappeared. 

Discussion 

The development of uremia after the prolonged administration of diuretics 
has been reported previously.* A true salt depletion syndrome is produced 
which is similar to that observed after sodium depletion therapy in hyper- 
tension. Renal insufficiency is apparently the underlying cause 

The primary cause of this syndrome seems to be the depletion of sodium 
chloride from the extracellular space. This deficiency can be produced by 
dietary deprivation or by the excessive loss of this salt after diuretic therapy. 
Sodium chloride is the principal electrolytic component of the extracellular 
fluid, and any change in its concentration will presumably disturb the estab- 
lished equilibrium between this space and that of the larger intracellular 
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fluid compartments." When there is depletion of this salt the extracellular 
fluid becomes relatively hypotonic 

As this change takes place, it should follow that the extracellular fluid 
volume becomes difficult to maintain, the fluid being attracted into the 
intracellular fluid space by its relatively high electrolyte concentrations 
Thus, the extracellular fluid volume falls and the peripheral blood becomes 
concentrated and increasingly viscous. As a direct result of these changes, 
the effective renal glomerular flow diminishes and nitrogen retention ensues 
Obviously this is more likely to occur in a patient with preéxisting renal im 
pairment. 

As the syndrome progresses, fluid enters the intracellular space, with 
resulting engorgement of this space. This explains partly the increase 
in weight which occurs after salt depletion. Dock has offered an explana 
tion of this paradoxic phenomenon of increasing edema after salt depletion 
by assuming that the mechanism which initiates maximal reabsorption of 
sodium by the renal tube also evokes maximal water reabsorption, and that 
this occurs even after sodium depletion has robbed the body of considerable 
electrolyte.* Sodium excretion normally equals sodium ingestion, with a 
lag of some days in the establishment of equilibrium when the intake is 
raised or lowered. Sodium excretion in sweat and urine falls markedly 
when sodium intake is restricted or sweating has been profuse. If serum 
sodium is reduced by diet at a time when the mechanism for fluid retention 
is being powerfully stimulated by severe heart failure, edema increases or 
remains stationary and uremia develops. Salt administration then may be 
essential to prevent death. Fortunately this does not occur very often. 

Under the conditions described often attributed to “intractable heart 
failure,” the administration of hypertonic salt solution may be lifesaving. 
Large amounts must be given to replace the seriously depleted extracellular 
fluids. At times, 50 to 75 gm. of sodium chloride have been given before 


improvement became apparent. The onset of diuresis soon after adminis 
tration of the salt heralds the establishment of normal fluid equilibrium. 


SUMMARY AND CONCLUSIONS 


A salt depletion syndrome accompanied by increasing edema and evi 
dences of uremia has been described and the probable cause of certain para 
doxic phenomena is discussed. Evidence is presented to show that the 
administration of sodium chloride in such cases may be a lifesaving measure 
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THE MEETING-PLACE FOR INDUSTRIAL HEALTH * 
By Dwicut O'Hara, F.A.C.P., Boston, Massachusetts 


Many of you are familiar with a series of articles now being printed 
in the New England Journal of Medicine under the heading, “Fifty Years 
of Medical Progress.’’ A subheading appears with each article which places 
its treatment in one of two categories: medicine as a science, or medicine as 
a social instrument. This differentiation provides a helpful approach for 
many of the subjects with which we concern ourselves. Within such a 
classification, industrial health may be considered as a social instrument as 
well as a science, and it is with this viewpoint that I undertake its present 
consideration. 

Social instruments are created by the need and the thinking of ,society. 
The product of the thinking is like the product of an assembly line: it varies 
from year to year in its attempt to create new and presumably better stand- 
ards or styles. The standard or style at any given time may mark the 
thinking of that time as clearly as the Model T Ford marked the transpor- 
tation of the early twenties, or the derby hat marked the well-dressed man of 
an earlier decade. We tend to be amused by the styles of by-gone days, yet 
each period may have things which were done superlatively well. A cen- 
tury ago physicians were uncritical and bacteriologically unclean, but they 
excelled in clinical observation and in the descriptive use of the English 
language. One might expect those who had practiced among cotton work- 
ers to have observed and described the disease now called byssinosis, and 
so they did. In 1846 Dr. John O. Green of Lowell delivered an address 
before the Massachusetts Medical Society entitled “The Factory System in 
Its Hygienic Relations,” * from which the following paragraph is of interest: 

“The French physicians describe one class of their work people worse situated 
in a sanatory point of view than the rest, the batters of cotton in the fine mills, whose 
occupation obliges them to inhale much dust and flue. Whether it be the dust con- 
tained in the raw cotton, apart from the cotton flue, or this latter itself, which ruins 
the health of those engaged in the process, the decay of their health is ever certain 
and an established fact. They complain of dryness in the mouth and throat, and are 
seized sooner or later, with a cough gradually increasing in severity. The cough 
is the first symptom of a slow and formidable disease of the chest, which is always 
relieved on abandoning the work, and altogether cured at its commencement, if the 
employment be not resumed. The disease, in the progress of its development, as- 
sumes all the characteristics of Phthisis, and the medical men in the manufacturing 
districts call it Cotton Phthisis, and some Cotton Pneumonia.” 


Here are described the dry cough, and the tendency of this type of 
pneumoconiosis to disappear with cessation and reappear with resumption 
of exposure, characteristics that are commented upon in modern textbooks.* 


* Presented at the Thirty-second Annual Session of the American College of Physicians, 
St. Louis, Mo., April 13, 1951. 
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Dr. Green clearly recognized the industrial origin of his “Cotton Phthisis’’- 
he knew it was bad—he deplored the long hours of labor which then pre 
vailed, as well as the employment of children, but it never occurred to him 
that the “Factory System” could be altered in an engineering sense. That 
was not the critical need of his day, yet Dr. Green's cotton phthisis was so 
completely eliminated in the last half of the last century that the disease 
had to be rediscovered (and of course renamed) in the present. This may 
have been incidental to general improvement in living and working con 
ditions, or it may have been an improvement forced by the desire of em 
ployers to tap the best available labor. Whatever the explanation, it reminds 
us that disease may be recognized in proportion to several circumstances : 
its actual prevalence, or the intensity with which we seek to find it, or the 
social discomfort and unhappiness which it produces. This last especially 
applies to industrial diseases of today. 

Our industrial evolution has now become so complex that it is no longer 
possible to identify the origin of our thinking, but, whatever its origin, our 
thinking has been recently marked by an increased willingness and desire 
to foster industrial health. As evidence of this increased willingness and 
desire, it has now been provided that workmen be compensated for industrial 
injury and industrial illness, and in some of our states also for non-industrial 
sickness disability, all as a matter of social expediency and quite apart from 
any private economy of the individual. In addition to these statutory ar 
rangements, we cannot fail to be impressed by the hundreds of health and 
welfare plans now in operation, and increasingly written into the contracts 
between labor unions and employers; they emphasize the importance now 
attached to industrial health by millions of Americans 

The effectiveness with which some of these modern provisions can be 
administered depends primarily upon the philosophy of the medical service 
that is brought to bear upon them. To a surprising degree, we doctors 
have become responsible for the quality of social activities which have not 
been of our making but which have been initiated by the need and the think 
ing of our time. Rightly or wrongly, and whether we like it or not, this is 
so, for society can turn to none but the doctor for the validation of sickness 
This same social thinking has also involved industry, for in the years ahead 
it must increasingly pay the cost of illness among its workers. Industry 
knows this and is therefore beginning to ask the medical profession whether 
it can prevent illness, just as it has already been asking the engineering pro 
fessions whether they could prevent toxic and mechanical exposures to 
sickness and injury. The coming of non-industrial sickness disability laws 


now sharpens the point of this question and lays it squarely on our doorstep 
Let us assume that industry has asked us: Can we prevent illness? 

What sort of answer can we make? We can prevent smallpox and 
diphtheria, yes, but smallpox and diphtheria do not ordinarily inhibit indus 
trial production, so this kind of good-health news is not pertinent to the 
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It is of historic importance, but it is already taken for 
granted by society. Can we prevent, control or ameliorate the commonest 
cause of absenteeism—respiratory infection? <A direct answer to this ques 
tion must still be evasive and equivocal, but it need not be completely nega- 
tive. What we are really being asked is whether we can prevent those 
things that now add unnecessarily to the cost of industrial production. Res 
piratory infection is an almost universal human experience. Although it 
may be pathologically trivial, it aggregates impressive totals of lost time, 
and these totals in turn are influenced by age, job or general physical con 
dition. Aging alone can account for cardiorespiratory episodes that may be 
controlled by job placement. Alcoholism is a social problem primarily 
because it sharply interferes with the industrial or occupational potential 
of its victims. When the question has been expanded to include all these 
things, we may reply that it has been amply demonstrated that we can 
reduce the cost of production under a great variety of circumstances, by 
being ready and willing to establish and supervise industrial and mercantile 
medical and health services. It matters little whether such services are 
financed or sponsored by employers, by employees, by physicians, by private 
or by public groups—there are successful examples of all types of sponsor 
ship. The thing that matters is whether they are honestly and efficiently 
operated, and whether enough doctors are ready and willing to undertake 
this sort of service as part of their routine activity. 

Those who have tried it believe that even part-time services in small 
plants can be made to reduce the cost of production with a good deal of 
certainty. O'Connor has discussed this * and has stated four essential re 
quirements for success in small plants, as follows: (1) The medical per 
sonnel must be truly interested in developing a real industrial health pro 
gram; (2) the medical service must come into the plant; (3) the program 
must have management interest and support, and (4) the primary aim must 
be the good of the employees.” All doctors will accept points 1, 3 and 4 
of this tetralogy; they are worth mentioning to a medical audience only 
because they are excellent tags with which to identify what may be the mat 
ter with health services in small plants that have gone wrong. Point 
number 2, on the other hand, may meet with some resistance from doctors 
who have allowed themselves to reach the stage of expecting all patients to 
come to their offices, hospitals or clinics. This second point, that “the 
medical service must come into the plant,” however, is pretty well agreed 
upon by all who have had first-hand experience with it. From the point of 
view of records alone, no hospital, clinic or doctor's office can hope to 
tabulate the information always available at the place of employment: in 
formation on new and changing processes, on production volume, or on 
the psychologic or toxic hazards of a particular job. Knowledge of these 
things is basic to any medical control of cost, and knowledge of these can 
be had only at the plant. Furthermore, it commends itself as a general 


thinking of the day 
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principle in the practice of medicine for the doctor to be familiar with the 
patient’s environment. 

Unless we, as doctors, have confidence that we can reduce the cost of 
production, we are not in a strong position to promote industrial health. 
With such confidence, however, we have an unlimited field into which 
medicine may be expanded. Perhaps our greatest embarrassment is that, 
as individuals, we are preoccupied with our present activities; we are not 
seeking expansion, but here at our front door unquestionably is a great 
vacuum. The question of shortages of doctors has been agitated a good 
deal lately. The present shortage in medical manpower is due not to cur- 
tailment in the numbers of medical students, as has been said in ignorance, 
but to the fact that there are now a great many more things that doctors 
are called upon to do. Service in industry is only one of them; government 
services, insurance companies, private and public funds and foundations, 
universities and others who have little or nothing to do with sick people are 
all anxious to adapt medicine to their own particular purposes. This is all 
because medicine has become a social instrument and can be effectively used 
as such. 

When we turn to industrial health as a science, we find ourselves in a 
field that challenges more directly the interest and skill of all practitioners 
of medicine. As Dr. Strong pointed out to this assembly in Boston a year 
ago,’ industry is “vitally interested in the increasing incidence of coronary 
disease and in the tendency to award compensation to a greater percentage 
of these cases.” Gastroenterologists, psychiatrists and others may be like- 
wise involved in the application of our knowledge of cause and effect to 
occupational environment. Much of today’s medical care revolves about 
things which, although they may be non-industrial in origin, can neverthe- 
less become industrial liabilities, and our scientific knowledge of etiology 
may then become decisive. 

Not only in the heavy and large industries, but in the small plants as well, 
there lurk many of those rewards that bring joy to the heart of the diag- 
nostically inclined physician. Lead poisoning, that syphilis of industrial 
medicine, is always possible in the wake of the ever widening use of this 
now precious metal. Such new and exciting diseases as those following 
exposure to beryllium have been recognized as hazards in small plants as 
well as large. A medical awareness of the fact that dusts and other atmos- 
pheric pollution, both in and out of doors, may aggravate conditions to which 
large numbers of people are predisposed, could go a long way toward civic 
and industrial control of those unpleasant and probably harmful contaminants 
with which most large cities are now plagued. There are a great many 
interesting and desirable results to be expected, when and as medical interests 
and services appear in our industrial life. At first they may appear as by- 
products, but in American business by-products frequently become main 
products, and so it could be with services like these. 
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No reference to industrial health as a science would be complete without 
mention of the splendid facilities for medical research which are now estab 
lished and in operation. Research is not something that simply flows when 
you turn on the faucet, but when fortunately timed and directed it is one of 
our great tools, and none is more aware of this than industry. It was in- 
dustrial support that led to the great contributions of the late Leroy U. 
Gardner at the Saranac Laboratory of the Trudeau Foundation. Industry 
established the Kettering Laboratories in Cincinnati, and the United Mine 
Workers established by a five-year grant the Cardio-Respiratory Laboratory 
at the Jefferson Medical College Hospital in Philadelphia. ‘These represent 
research at its best, focused upon definitive problems and capable of expan 
sion as the ramifications of the problem expand. 

Now I come at last to an explanation of the title of this paper. To be 
completely honest, the title was phrased before the paper was written. It 
does not seem to me that industrial health is going to be best served by 
the promotion of industrial medicine as another specialty, with boards, 
certificates and residency programs. That is not the road to usefulness 
Such promotion would tend to isolate still further the discussion and the 
practice of the subject, whereas the numbers who participate are already too 
limited. The “qualified” group would become exclusive, when the urgent 
need is to make it inclusive. In an industrial nation, the field is too large 
to be covered by anything less than the entire medical profession, and the 
entire medical profession should be encouraged to interest itself. The 
meeting-place for industrial health is more than a forum for toxicologists, 
more than a medical meeting where occupational diseases are discussed ; it 
is an assembly line at which one group after another may add its own par 
ticular and specialized touch to the final product. Not all of these groups 
are medical; there are insurance carriers, for example, who have been far 
ahead of us in the emphasis placed on rehabilitation, and who in some 
instances have also held advanced preventive concepts. We think of pre- 
ventive medicine as something with which we can prevent or reduce pathol 
ogy, morbidity or mortality. The modern industrial point of view is more 
inclusive—it is the prevention of Joss. Because industry is beginning to 
appreciate that pathology, morbidity and mortality contribute to economic 
loss, we who are interested in preventive medicine have powerful allies 
among those who seek the primary ways and means of preventing loss. 
There are several varieties of engineers on this assembly line; if we do not 
encounter them at some of our meetings, we are missing part of the crowd. 
There are those who do not necessarily have a technical background of 
their own, but who acquire highly useful knowledge and proficiency in the 
borderlands between medicine, physics, chemistry and industry. They 
call themselves industrial hygienists, and they are experienced and effective 
workers in the field of industrial health. There are enlightened repre- 
sentatives of both management and labor (as well as many still unen- 
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lightened ) whose accomplishments and potential accomplishments may well 
surpass all others. ‘There are those who administer the workmen’s com- 


pensation laws in our various states and in their various forms, whose 
undoubted social and economic wisdom may come to naught if it be un- 
supported by the intelligent application of medical information. The meet- 
ing-place for industrial health is here in this assembly, it is everywhere 
that doctors meet, it is wherever medical care available to the working man 
and working woman is discussed, for medical care is the essence of health. 
American medicine needs industry, because this is an industrial nation and 
because industry is becoming the focal point for the medical care of the 
majority of American workers.° 
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GOLD THERAPY FOR RHEUMATOID ARTHRITIS: 
A CURRENT EVALUATION * 


By W. Grarton Herspercer, M.D., F.A.C.P., Baltimore, Maryland 


In recent years, the value of gold salts in the treatment of rheumatoid 
arthritis has been recognized by most investigators who have studied the 
problem impartially. These compounds continue to be a useful tool in spite 
of the dramatic antirheumatic effects of pituitary adrenocorticotropic hor- 
mone (ACTH) and cortisone. The employment of these hormones has not 
extended far beyond the experimental stage. There are potentially dangerous 
side effects and remissions are short lived; probably not more than 25 per 
cent of those treated obtain prolonged benefit, according to Hench.’ Great 
pressure is being exerted upon the medical practitioners throughout the 
country by sufferers from arthritis for a trial with these “new drugs.” The 
relative infrequency with which any enduring improvement is noted war- 
rants caution on the part of the physician who plans to administer them. 
Hench and others have done much to stimulate thinking about rheumatoid 
arthritis, and it is hoped that in the not too distant future the etiology of 
the disease may be apparent and its cure or prevention possible. It may be 
that some of the plans now being studied for joint or alternate use of ACTH 
and cortisone, with a tapering off period, will solve many of these problems. 

These observations seem to make an evaluation of gold therapy for 
rheumatoid arthritis especially appropriate at this time. In this paper there 
will be a brief summary describing the development of this form of treat- 
ment, followed by a discussion of hypotheses regarding its mode of action, 
indications and contraindications, results to be expected, management of the 
individual patient, and toxic reactions and their treatment. 

The fact that unduly large doses of gold compounds were used initially 
in the treatment of pulmonary tuberculosis and later of rheumatoid arthritis 
is unfortunate, because the excessive size of these doses was responsible for 
most of the more severe toxic reactions which alarmed a large part of the 
medical profession. This fear has prevented many from using a form of 
treatment which is helpful to a large percentage of patients with rheumatoid 
arthritis. In 1924 Mollgaard * of Copenhagen was administering 1,000 mg. 
of gold sodium thiosulfate (Sanocrysin) per week for pulmonary tubercu- 
losis. This is equal to the quantity now given during four or five months in 
the treatment of rheumatoid arthritis. Slightly smaller doses of Sanocrysin 
were reported by Secher * in a series of cases of rheumatoid arthritis and by 
Faber * in the treatment of pulmonary tuberculosis. 

The first careful studies dealing with gold salts for rheumatoid arthritis 
were begun in 1928 by Jacques Forestier of France, using sodium aurothio- 


* Received for publication June 2, 1951 
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propanol sulfonate (allochrysine). He reasoned that gold probably served 
to stimulate the defense mechanism of the body in tuberculosis and might 
behave similarly in rheumatoid arthritis. This idea was given further 
support by the work of Feldt* in Germany. Feldt showed gold to be ef- 
fective in relieving rabbit infections if it was injected some time after in 
oculating the animals with bacteria, but to be without benefit if given at 
the time of the inoculation 

After several preliminary papers, Forestier ° in 1934 recommended sodium 
aurothiomalate (Myochrysine) and aurothioglucose (Solganal-B) as the 
most useful agents in the treatment of rheumatoid arthritis. He recom- 
mended initial small doses and then 100 to 200 mg. weekly, until 1.5 to 2 gm. 
were given. Repeated series with intervals of two months without chryso- 
therapy were advised. In 1935, Forestier‘ reported a series of 500 cases 
treated with gold salts with four cases of intoxication. Two patients had 
agranulocytosis and two thrombocytopenic purpura, one of whom died. 
Forestier believed 70 to 80 per cent of his patients responded favorably and 
indicated that a greater degree of improvement occurred in the early cases 
than in those of more than two years’ duration. By 1935, this investigator 
recommended a maximal weekly dose of 100 mg. and emphasized the im 
portance of small initial test doses 

Pemberton * in 1935 favored doses of 250 to 500 mg. of gold salts per 
week, the maximum for one course being 3,000 mg. It is not surprising 
that toxic reactions were frequent, considering the large weekly injections 

Hartfall * and collaborators, in 1936, claimed striking improvement or 


cure in 80 per cent of their 750 cases and urged a maximum of 100 mg. of a 


gold compound per week. This became the accepted standard. 

In 1942, Freyberg '® and co-workers, after exhaustive studies of the 
metabolism and excretion of gold, concluded that large amounts of this 
substance were retained in the body during the period of its administration 
Chey observed that, when a weekly dose of only 50 mg. was used, urinary 
excretion of gold continued for only four or five months instead of one year, 
as occurred with 100 mg. weekly, even though the totals were equal. Fol 
lowing this work, the trend in this country has been to recommend the 50 
mg. weekly dose. Some workers have suggested that 25 mg. per week may 
be adequate. More recently, after a total of 1 gm. has been given by weekly 
injections of 50 mg. each, a maintenance dose of 50 mg. every three or four 
weeks has been suggested. This has become the practice of the author, as 
results seem to recommend it as sound. 

After nearly 25 years of gold therapy for rheumatoid arthritis, there 
is no conclusive evidence regarding the manner in which these compounds 
produce beneficial effects, so that their employment remains on an empiric 
basis. Studies by Bertrand '' and associates, in 1948, using a radioactive 
isotope of gold, showed some selective uptake by the synovia and articular 
tissues, similar to that observed with stable gold, although this uptake was 
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not nearly so great as by the kidney, liver and spleen. When a chemical 
arthritis was produced in rabbits, there was a greater concentration of gold 
in the synovial membranes than in the corresponding tissues of normal rab- 
bits. Biopsy following the administration of gold also demonstrated a 
selectivity for the synovia of active rheumatoid arthritis. Kersley ** sug- 
gested that gold produces its effects because of its affinity for the reticulo- 
endothelial system, thereby altering the immune body response. It is highly 
unlikely that the effect of gold results from any direct antibacterial action. 
Block ** et al. endeavored to relate the concentration of gold in tissues of the 
rat to the respiration of that tissue as measured by oxygen consumption. 
It was found that the inorganic compounds, gold chloride and gold sodium 
thiosulfate, did inhibit in vitro oxygen utilization in rat liver and kidney 
slices, whereas the organic compounds, sodium succino-aurate, gold sodium 
thiomalate and gold thioglucose did not produce this effect. 

Freyberg *° and associates, in 1942, reported thorough studies of the 
metabolism of gold when injected into human beings, using various com- 
pounds. They found that, during therapy, 75 per cent of injected gold is 
retained in the body, whereas 25 per cent is excreted, largely in the urine, 
small amounts in the feces. It was shown that the amount of gold in the 
blood plasma (almost exclusively in the protein fraction) was determined 
by the individual dose, whereas the total amount retained, that is, the 
amount in the tissues, increased with prolonged administration. Excretion 
of gold continues for many months after cessation of injection; 12 months 
after the 100 mg. weekly dose, only five or six months after the 50 mg. 
weekly dose. This fact would indicate that the smaller dosage, if effective, 
is to be preferred, as it would shorten the duration of toxic effects, demon- 
strated to correspond to the persistence of gold in the tissues. The above 
group found that patch tests for hypersensitivity were of no value as an 
indicator of tolerance or lack of it for gold salts. They concluded that the 
most useful compounds were those well absorbed from the site of injection 
and capable of remaining in the circulation sufficiently long to be transported 
in effective concentration to the site of action. It was their belief that gold 
sodium thiomalate and gold sodium thiosulfate best fulfilled these require- 
ments. Freyberg and collaborators stated that the only therapeutic value 
of gold in rheumatoid arthritis was that of reducing or arresting joint in- 
flammation. Relapse was observed to occur frequently when excretion of 
gold no longer occurred, indicating that tissue content was zero or only a 
trace ‘ 

As rheumatoid arthritis is usually a chronic progressive disabling dis- 
ease, every means of treatment which can demonstrate a favorable response 
must be considered, weighing the possible benefits against any risks entailed. 
It should be understood that gold therapy does not represent a panacea, but 
simply a useful instrument when controlled by careful clinical and laboratory 
supervision. It does not, of course, obviate the necessity of instituting all 
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the usual measures for improving the patient’s general condition and resist- 
ance. These include psychotherapy, rest, high vitamin well balanced diet, 
orthopedic measures, physiotherapy, iron or blood transfusion when indi- 
cated, and salicylates for pain. Best results are obtained when therapy is 
instituted early in the disease, as observed originally by Forestier ‘ and more 


recently emphasized by Adams et al."* 

Gold salts are beneficial in the treatment of rheumatoid arthritis and its 
modifications, Still's disease, Felty's syndrome and so-called “infectional 
arthritis,” a clinical variant of rheumatoid arthritis. It is difficult to evalu- 
ate the response of this last condition because of its natural tendency to 
recovery after a few weeks, but the author has observed a distinctly favorable 
alteration in such cases when gold has been instituted after progress had 
reached a standstill with conservative measures. Forestier * reported im 
provement when gold was administered to patients having rheumatoid 
spondylitis. However, the consensus in this country contradicts this view 
and indicates that better results are achieved with roentgen irradiation. 
Ragan ** et al. state that rheumatoid arthritis with psoriasis responds less 
favorably than rheumatoid arthritis alone. The author has observed an 
excellent result in one patient who had a gradual or subacute onset of pain, 
swelling, tenderness, and nodular formations over the fibrous tissue of 
muscles, tendons and joints, most pronounced in the forearms and legs, but 
not sparing other areas. Essentially no joint involvement was present. 

Whereas the chance of marked improvement or “cure” is greatly en- 
hanced if gold is used early in the course of rheumatoid arthritis, when joint 
swelling has just begun, much relief can be expected in the later stages, 
especially if some degree of inflammation remains. Patients in whom the 
disease is of long duration but quiescent will not be improved. Whereas 
the presence of an increased sedimentation rate of red blood corpuscles has 
heen used as significant of arthritic activity, this test actually constitutes < 
better yardstick of the response to treatment 

Contraindications to gold therapy consist of severe diabetes mellitus, 
nephritis—especially with evidence of activity or azotemia, ulcerative colitis, 
pregnancy, specific allergy, significant hepatic disease, a history of exfoliative 
dermatitis, blood dyscrasias and a hemorrhagic tendency 

When planning the treatment of a patient with gold salts, the above 
indications and contraindications should be remembered. In addition, for 
future reference, one should evaluate the patient's condition with respect 
to pain, joint swelling, joint deformity, functional activity, anemia and 
probably body weight. Observation of changes in the manifestations 
during treatment assists in establishing a sound record of results. 

If the above criteria bearing upon the use of gold have been satisfied, 
treatment may be initiated. Myochrysine and Solganal-B, used intramuscu 
larly, appear at present to be the preparations best suited for rapid absorption 
and transmission to the site of therapeutic effect in good concentration 
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The author's experience has been limited to the use of Myochrysine. The 
first injection consists of 10 mg. administered deeply intramuscularly into 
the buttock. Unless there is some evidence of drug idiosyncrasy, a 25 mg. 
dose is given one week later, followed by 50 mg. after an equal period of 
time. The 50 mg. dose is repeated weekly for four or five months, if 
tolerated by the patient, or until a total of 1 gm. has been given. At the 
end of this period, the patient will have experienced improvement and the 
sedimentation rate returned to normal if a favorable response is to be ex 
pected. Until recently, the practice has been to discontinue treatment after 
a remission or after a total of 1 gm. or 1.5 gm. had been given. Such series 
were repeated at intervals of six to 12 months, or when there was recurrence 
of manifestations of arthritic activity. During the past three years, as has 
been stated above, several investigators have given maintenance doses of 
50 mg. at three to four week intervals after the initial course. The author 
has followed this program without observing toxic manifestations, and with 
results which thoroughly endorse such a practice. Some have recommended 
a weekly dose of 100 mg. when the response to the usual 50 mg. has not 
been favorable, but it seems likely that the larger amount will likewise be 
disappointing. If there is no evidence of improvement after five months of 
therapy, it is probable that its continuance is useless. 

After treatment has been in progress for six to 15 weeks, some change 
in symptoms and signs of rheumatoid arthritis may be expected if the patient 
is going to respond. First, there is relief of pain while at rest, then relief 
on movement. Soon the requirement of salicylates will be voluntarily 
reduced by the patient. Greater motion is possible and joint swelling 
becomes less. The general condition of the patient improves, the appetite 
is better and there is increased strength, and those who have had a bed and 
wheelchair existence may move about with a crutch, a cane or no support 
at all. 

The reported results of the treatment of rheumatoid arthritis with gold 
salts have varied greatly, according to different investigators. Forestier * 
in 1935 reported that 70 to 80 per cent of 550 cases had “responded 
favorably.” Cecil ** et al., in 1942, reported the treatment of 245 patients, 
207 with Myochrysine, 40 with Solganal-B oleosum and three with gold 
sodium thiosulfate. (Some patients received more than one gold salt.) 
There was a complete remission in 31 per cent, great improvement in 35 
per cent, moderate improvement in 20 per cent and no improvement in 14 
per cent. est results were obtained in patients treated early. One-third 
of the patients with complete remissions and one-half of those greatly im 
proved had recurrences within six months to five years. A second course 
of treatment again produced a remission in only 50 per cent of those who 
had had a relapse. 

Many other observers have had similar or less satisfactory results, but 
Short ** in 1942 observed significant improvement in only six of 31 patients, 
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three of whom later had relapses. Hench in 1949 said “Chrysotherapy 
will induce striking remissions in only about 10 or 15 per cent of cases.” It 
seems likely that some of these discrepancies may be bridged by the realiza- 
tion that different investigators used different criteria of improvement, some 
emphasizing objective, others subjective manifestations. 

The author has treated 26 patients with Myochrysine during the past 
eight years, the weekly doses during the first five years being 100 mg., 
during the past three years, 50 mg. Results have been equally satisfactory 
with the smaller dosage, and manifestations of toxicity have been less 
frequent 

Two of the 26 patients have shown no evidence of improvement. The 
first was 62 years of age and had had arthritis for 12 years, the disease 
having begun after a thyroidectomy for hyperthyroidism. There was evi- 
dence of extensive anatomic change within and about the joints. Little 
subjective and no objective improvement occurred. The other failure was 
that of an obese woman, 32 years of age, who worked at a bar where it was 
necessary for her to spend a great deal of time with her hands in cold water 
and often to perform arduous physical work. There were few joint mani- 
festations, but pain, swelling and tenderness were conspicuous, apparently 
involving the fibrous tissue over muscles, tendons and joints. Many sub- 
cutaneous nodules were present about the wrists and on both surfaces of the 
forearms and on the anterior tibial regions. Biopsy of one of those lesions 
was reported as “compatible with a rheumatic lesion.” It is interesting to 
speculate whether this patient would have responded to gold had she been 
able to avoid the traumatic factors described above. 

Another woman patient, 40 years of age, had an almost identical picture, 
and an associated upper respiratory infection with blepharitis and con- 
junctivitis. After 14 weekly injections of Myochrysine the rheumatic mani- 
festations subsided, but the patient had developed a patchy pruritic rash. 
his complication responded to discontinuance of gold and to conservative 
local therapy. After two years, mild manifestations recurred; they re- 
sponded—fortunately—to six weekly gold injections, because at the end of 
this period the rash had recurred. Treatment was of course terminated, 
and a second remission has lasted 22 months 

\nother especially interesting case is that of a woman, 61 years of age, 
who was sent to me with a suspected diagnosis of lymphoma. There were 
rheumatoid arthritis of several years’ duration, marked general glandular en 
largement, palpable spleen, leukopenia, anemia and weight loss. These criteria 
for the diagnosis of Felty’s syndrome were present, and biopsy of a lymph 
node showed “simple follicular hyperplasia.” General constructive meas- 
ures, iron and Myochrysine have brought almost complete relief of pain, 
reduction in joint swelling, greater mobility, gain in weight, normal blood 
picture and regular attendance at work. The spleen is not palpable at 
present, but little change in glandular enlargement has been noted. After 
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14 weeks of gold administration, a rash appeared which involved the scalp, 
forehead and eyelids, and resembled seborrheic dermatitis. It responded 
to conservative local therapy and omission of specific treatment for four 
weeks. Before treatment this patient had had a scant albuminuria, which 
has now disappeared. 

The remaining 22 patients will not be discussed individually, but all have 
evidenced improvement. Five with symptoms of short duration have 
been maintained in complete remission during the past two years by monthly 
intramuscular injections of 50 mg. of Myochrysine, with no evidence of toxic 
signs. Seventeen patients whose joint changes were further advanced 
obtained much relief and were able to lead happier, more optimistic lives 
during the period of observation. Those patients with significant nu- 
tritional abnormality or anemia have been benefited in these respects, al 
though dietary, vitamin and iron therapy probably contributed toward 
attaining this result. Skin rashes necessitated permanent discontinuance 
of gold in four patients, and relapses have occurred in three of these after 
periods of seven months to two years. 

No serious toxic manifestation has been encountered. A mild diarrhea, 
apparently secondary to irritation of the intestinal mucosa, has occurred fre 
quently but has subsided when treatment was omitted for three weeks and, 
curiously, has never recurred. Forty per cent of these patients had at some 
time a mild albuminuria, which disappeared while treatment was continued 
No microscopic hematuria has been noted. During the period when the 
weekly dosage was 100 mg., dermatitis was a more disturbing factor than 
during the past three years, when the weekly dosage has been 50 mg. This 
suggests that the quantity given, as well as drug idiosyncrasy, is a factor in 
producing the skin rashes 

The prevention of serious toxic reactions during administration of gold 
salts depends upon the vigilance of the physician. Before each weekly in- 
jection, there must be observation of the skin for the presence of a rash 
or purpuric spots, and of the mouth for stomatitis. The patient must be 
questioned specifically as to whether there are gastrointestinal disturbances, 
especially diarrhea. The latter is usually evanescent, subsides with omission 
of gold for three weeks, and usually does not recur when treatment is 
reinstituted. It should be recalled that there have been rare reported 
instances of a secondary fatal ulcerative colitis. 

The skin rash is usually mild and pruritic, and it subsides with conser 
vative local measures and omissior, of gold. Exfoliative dermatitis has been 
observed but is rare. Hepatic damage has been reported infrequently, but 
in many instances it has not been possible to eliminate completely other 
etiologic factors. Doyle and Cannon recently reported a case of severe 
polyneuritis follwing 900 mg. of Myochrysine for rheumatoid arthritis 
Response to conservative management was rapid and complete. These 
authors quote Sunderlin as stating that complications involving the nervous 
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system are not infrequent and may be severe, affecting the brain, spinal cord 
or peripheral nerves. This experience seems to have been most unusual, 
as the literature contains few references to this type of reaction. The author 
saw one patient with a mild peripheral neuritis who had been treated else- 
where with a gold salt as well as an arsenic compound. 

The urine should be examined weekly for the presence of albumin or 
microscopic hematuria. Evidence of the latter constitutes an indication for 
omission of treatment, but the presence of minute amounts of albumin does 
not, unless it tends to be increasing. As stated above, the slight albuminuria 
nearly always disappears when treatment is continued. It is of interest that 
one of the author's patients, before treatment, had a slight albuminuria which 
subsided after several weeks of gold administration. 

Dr. Samuel R. Revell * reports that two patients developed marked pro- 
teinuria (one massive, with reduction in total plasma proteins) after the 
completion of a second course of Myochrysine, approximately one year 
having intervened between the two courses, each of which totaled less than 
1 gm. Neither of these patients had any manifestations of renal disorder 
during treatment. All evidence of renal dysfunction had returned to normal 
within nine months in the patient who had had massive proteinuria, but the 
other patient could not be followed. The course of events: in these two 
patients is somewhat disturbing and warrants prolonged observation of 
patients who have received gold salts. It is interesting to speculate as to 
whether this will occur with patients who are maintained uninterruptedly on 
gold therapy by monthly booster injections. 

Hematologic reactions constitute some of the more severe toxic mani- 
festations of gold salt therapy and include granulocytopenia, thrombocy- 
topenia and aplastic anemia, complications which I have not observed. 
Whereas these disorders are rare after chrysotherapy, they are serious; 
thrombocytopenia is the most frequent, and aplastic anemia has the 
poorest prognosis. Aplastic anemia following gold administration has 
proved fatal in approximately 75 per cent of patients. In 1950, Marriott 
and Peters * presented an interesting discussion of blood dyscrasias second- 
ary to administration of gold salts and reported a case of hypoplastic anemia 
following its use. The patient did not respond to conservative treatment 
but did respond to splenectomy and has remained entirely well for three 
vears. It is important to realize that such serious damage to hematopoiesis 
may occur, and to take every precaution to avoid it. This entails the 
determination, once every two weeks, of the hemoglobin and total leukocyte 
and differential counts. In addition, one should make careful inspection 
of the stained blood smear and blood platelet count if there is reason to 
believe the platelets are not abundant. Significant deviation from the 
normal in any of these studies, as well as a tendency to eosinophilia, is to be 
considered a danger signal and warrants discontinuance of the gold com- 


* Personal communication 
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pound and further observation. If there is positive evidence of hematologic 
damage and improvement does not occur promptly, British Anti-Lewisite 
(BAL) should be administered without delay. This may prevent irreparable 
bone marrow damage, whether the damage be a direct effect of the gold 
upon the marrow or mediated through a hormonal influence of the spleen. 
This latter hypothesis may be considered because gold accumulates selec- 
tively in the spleen, presumably in the reticuloendothelial tissue 

The mechanism whereby these toxic reactions are produced is poorly 
understood. It is believed that both idiosyncrasy and total gold content 
of the tissue are contributing factors. Freyberg” et al. knew that gold 
appeared in the blood as gold proteinate, and in 1944 he suggested that this 
compound might be allergenic in persons in whom toxic manifestations 
occurred. Libenson * thought that toxicity might result from the inactiv 
ation of sulfhydryl groups in enzyme proteins of tissues by gold, an effect 
observed with other heavy metals. Block’ et al. suggested that the 
beneficial influence of BAL, in combating the toxicity of gold compounds, 
could be explained by its ability to sever the gold-protein union. This is 
accomplished because BAL apparently competes effectively, for the gold, 
with sulfhydryl groups of various tissue proteins. Thus the early employ- 
ment of BAL should reduce materially the frequency and severity of toxic 
reactions secondary to gold therapy 


SUMMARY 


Gold salts exert a favorable influence upon the course of rheumatoid 
arthritis. The basis for this conclusion has been presented. A brief re- 
view of the development of gold therapy has been given, as well as a dis- 
cussion of results obtained by many investigators during the past 20 years 
The author’s results over the past eight years have been related. Emphasis 
has been placed upon careful selection of patients, small dosage of gold and 
weekly observation for manifestations of toxicity. Reference has been made 
to various theories as to the mechanisms whereby gold produces therapeutic 
effects and, on the other hand, toxic manifestations. BAL should be em- 
ployed early for the more serious of these toxic reactions. Finally, it may 
be that further studies in the realm of hormones, such as ACTH and corti- 
sone, will lead to discoveries which will prevent or cure rheumatoid arthritis. 
Such a goal has not yet been attained, and it is believed that chrysotherapy 
deserves early consideration in the management of a patient with rheumatoid 
arthritis 

ADDENDUM 


Since this paper was submitted for publication, three of the patients, 
identified in the tabulated summary by an asterisk, have had reactions to 


gold. 
Patients R. R. and E. K. developed slightly troublesome dermatitis with 
pruritus and slight exfoliation. The lesions in the first patient were limited 
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to the tibial areas, whereas there were small areas of involvement about the 
upper thighs, perianal area, fingers, eyes and ears of the second patient 
The lesions about the eyes and ears improved greatly when the gold frames 
of this patient’s glasses were replaced by plastic ones. The dermatitis re- 
sponded well to compresses with dilute Burow’s solution and boric acid 
ointment with phenol 1 per cent. 

Patient B. H. developed an unusually severe diarrhea (eight to 12 
liquid stools daily without mucus or blood), with much tenesmus, lower 
abdominal cramps and tenderness, accompanied by frequency and urgency 
of urination. The urine was clear and the stools contained no blood by 
gross examination; chemical tests of the stool were very faintly positive for 
blood. These manifestations subsided gradually during six weeks of 
symptomatic treatment. At no time did it seem necessary to use BAL. 

Whereas the patients are fearful that there soon may occur an exacer- 
bation of arthritis, both patients and author agree that re-institution of gold 
therapy is contraindicated in these cases 
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THE ORAL ADMINISTRATION OF VITAMIN Bi: 
IN TROPICAL SPRUE* 


By Feperico Diéz Rivas, M.D., San Juan, Puerto Rico, RAMON M. 
SuArez, M.D., F.A.C.P., Santurce, Puerto Rico, FepeErtco HERNANDEZ 
Morates, M.D., F.A.C.P., San Juan, Puerto Rico, and ENRIQUE 
PérEz Sant1aco, M.D., Boston, Massachusetts 


THREE years ago, Shorb’ discovered a new factor in refined liver ex- 
tracts that was highly potent in promoting growth of the microdrganism 
Lactobacillus lactis Dorner. Using the microbiologic method of Shorb, 
Riches * et al. isolated a pure crystalline compound from liver and designated 
it vitamin Biz. West* proved that this substance possessed the property 
of inducing a hematopoietic response in patients with pernicious anemia in 
relapse. At about the same time, Smith * in England announced the isola- 
tion of a factor apparently identical to vitamin Br. 


CHEMISTRY OF VITAMIN Bie 


Crystalline vitamin Biz occurs as dark red needles. On a weight-for- 
weight basis, it appears to be the most active of any known vitamin. Its 
chemical structure is yet not known, but it is known to contain cobalt in the 
molecule. The parenteral use by West* of cobalt acetate or chloride in 
patients with pernicious anemia has given negative results. Smith * reports 
that cobalt makes up 4 per cent of the dried weight of vitamin Bie, and 
estimates its molecular weight to be within the range of 1,550 to 1,750, sug- 
gesting a complex molecule. Spectrographic examinations of vitamin Bie 
show the presence of phosphorus and nitrogen but no sulfur. The analytic 
study of this vitamin by Smith reveals that the molecule contains three 
atoms of phosphorus. The red color of the crystals is due to the presence 
of cobalt. These crystals darken to black at about 210 to 220° C., but they 
do not liquefy below 300° C. 


SouRCE OF VITAMIN Biz 


This vitamin is presumably found in many foods. The content of vita- 
min Bie in liver is small, rendering this source unsuitable for its commercial 
preparation. 

Riches and associates * found a high content of this vitamin in cultures 
of Streptomyces griseus. At the present time vitamin Bie is being obtained 


* Received for publication August 14, 1950 

From the Department of Clinical Medicine, University of Puerto Rico, School of 
Tropical Medicine. 

We are indebted to Dr. Tom D. Spies, Director of the Nutrition Clinic, Hillman Hos- 
pital, Birmingham, Alabama, for supplying some of the vitamin Bi: used in this study 
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from this source. The vitamin obtained from this fungus is chemically 
and physically identical with that obtained from liver. It also has the same 
growth-promoting potency for Lactobacillus lactis Dorner and Lactobacillus 
leichmannu. The response of patients with pernicious anemia to vitamin B12 
obtained from either source seems to be identical.* 


CLINICAL UsEs 


Several investigators, like West,* Bethell," Hall and Campbell’ and 
others, have shown that the parenteral use of vitamin Biz induces a hema- 
topoietic response similar to that produced by liver extract in cases of per- 
nicious anemia in relapse. The neurologic manifestations of those patients 
treated with vitamin Bi2 are relieved in the same manner as with liver 


extract. 

Beneficial results from parenteral administration of vitamin B12 in tropi- 
cal and nontropical sprue have been reported by Spies, Suarez and asso- 
ciates.*° 

Bethell and associates ‘ report beneficial results when vitamin Biz is ad- 
ministered parenterally to patients with nutritional macrocytic anemia. 


PARENTERAL DOSAGE 


The parenteral dosage is not definitely known. In this respect Spies 
states: “. . . perhaps the average patient with pernicious anemia in relapse 
or with tropical or non-tropical sprue, will respond maximally to 100 » gm. 
or less intramuscularly. The great majority of patients seem to respond 
minimally to from 8 to 10 » gm. intramuscularly.” The suggested average 
dosage for patients with pernicious anemia in relapse is 15 # gm., once or 
twice a week intramuscularly until remission occurs. The maintenance 
dosage is 15 » gm. every two to four weeks given intramuscularly. 


Ora Use oF VITAMIN Biz IN PERNICIOUS ANEMIA 


The oral administration of vitamin Biz has been studied by several in- 
vestigators in untreated cases of pernicious anemia. Castle and associates ™ 
administered daily by mouth for a 10 day period 5 gm. of vitamin Bis 
(Merck), dissolved in 125 to 150 c.c. of physiologic saline solution, to four 
patients with untreated pernicious anemia. During a second 10 day period. 
the same amount of vitamin Biz was given simultaneously with 150 c.c. of 
normal human gastric juice that had been previously neutralized with sodium 
hydroxide. Particular attention was paid to administering the gastric juice 
10 hours after the heaviest meal and four hours after the evening meal. 
The gastric juice alone had no hematopoietic action. In each case, when 
vitamin Biz and gastric juice were given simultaneously, a reticulocyte re- 
sponse was obtained that was accompanied by an increase in the red blood 
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cells in three cases. In two cases the reticulocyte peaks were not marked. 
No hematopoietic effect whatsoever was noted when the vitamin Biz was 
given alone or 12 hours after administration of gastric juice. Clinical im- 
provement did not appear until the reticulocyte response occurred following 
the combined use of vitamin Biz and gastric juice. 

They concluded that the hematopoietic activity in pernicious anemia of 
orally administered vitamin Biz is potentiated by the simultaneous admin- 
istration of normal human gastric juice, but, as with liver extract, is not so 
great as the activity of vitamin Biz when given parenterally. They suggest 
that the food (extrinsic) factor may be identical with or closely related to 
the antipernicious anemia principle of liver, which is in itself presumably 
identical with vitamin Biz. They also point out that the gastric (intrinsic) 
factor is necessary for the optimal utilization of the relatively small amounts 
of vitamin Biz used, or of clinically related substances present in various 
foods. 

Hall and Campbell,’ from the Mayo Clinic, have also studied the effect 
of oral administration of vitamin Biz in pernicious anemia. Pooled gastric 
juice containing more than 30 degrees of free hydrochloric acid was obtained 
from patients with uncomplicated duodenal ulcer or with functional gastro- 
intestinal disturbances. The pooled specimens of gastric juice were passed 
through a Berkefeld filter and stored in an icebox for less than 96 hours. 
Before the gastric juice was administered it was neutralized with sodium 
hydroxide. 

Four patients with pernicious anemia in relapse were studied. The 
medication was administered not less than one hour before the first meal of 
the day. Meat and eggs were withheld from the morning meal, but the 
other meals had unrestricted amounts of proteins. The same source and 
amount of vitamin Biz as in Castle’s patients were used. These investi- 
gators obtained optimal responses in two of the four patients studied, a 
result much better than that obtained by Castle. They explained this 
difference on the basis of the different time relation between the medication 
and the ingestion of food, or possibly of the nature of their noon meal. The 
fact that the source of their gastric juice was different from that used in 
Castle’s study may have had something to do with the difference in the 
results obtained. 

They concluded that there is need of further studies on the oral use of 
vitamin Bie, given in larger doses, before any conclusions are drawn about 
the value of its oral administration. These investigators agree with Castle 
that gastric juice potentiates the hematopoietic effect of orally administered 
vitamin B12, but that the vitamin alone, in the doses used, failed to produce 
any beneficial effects. They established that the minimal daily quantity of 
gastric juice needed to potentiate an optimal hematopoietic response from 
5 » gm. of vitamin Biz when given by mouth to patients with pernicious 
anemia in relapse lies between 25 and 150 c.c 
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Ora USE OF VITAMIN Bi2 IN SPRUE 


In this study vitamin Biz * was administered to 10 patients with active 
sprue who had definite macrocytic anemias. Ten patients received vitamin 
Biz alone by mouth. Three patients of this group received vitamin Bie 
and gastric juice simultaneously. 

Seventy-five to 150 c.c. of gastric juice of more than 30 degrees of free 
hydrochloric acid were used. It was obtained from patients with uncompli 
cated duodenal ulcers. The medications were given while the patient was 
fasting, and the next meal was taken four hours later. 

All patients were placed on a “preliminary sprue” diet on admission to 
the hospital. This diet contains 3,718 calories per day and has 134.5 gm. 


TABLE | 
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* Dose was repeated twice with the same results. 


of protein, 568.5 gm. of carbohydrate and 102 gm. of fat. The diet allows 
for six ounces of milk a day, and 20 gm. of animal protein were given once 
or twice a week. The remainder of the protein used was obtained from 
vegetable sources 

The gastric juice was neutralized with sodium hydroxide before it was 
used. All the cases studied had free hydrochloric acid in their gastric juice 
with histamine stimulation except case 7. The hemoglobin, red blood cells 
and mean corpuscular volumes were checked twice a week. Reticulocyte 
counts were done every day. Of the 10 cases receiving oral vitamin Biz 
alone, two cases received larger doses for longer periods of time. 


* Obtained mainly from the Squibb Laboratories 
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RESULTS FROM THE ORAL ADMINISTRATION OF VITAMIN Biz IN SPRUE 


In table 1 the results of the oral administration of vitamin Biz alone are 
compared with the results obtained from the use of either folic acid or 


vitamin Bis intramuscularly. 

Oral vitamin Biz alone was given to 10 patients. Small single doses 
of 15 to 50 » gm. of vitamin Bis, given to eight patients, produced an optimal 
response in one (case 2), a suboptimal response in five (cases 1, 3, 5, 7 and 


Taste II 


Oval Vit Ba, (mice prema) 
00 aco 200 
—— ee 5. 
































Time (orecas) 











588 pifz-RIVAS, SUAREZ, HERNANDEZ-MORALES, AND PEREZ SANTIAGO 


Taste III 


2 = vend 
Oral. Ve B.. ( — +) 
= 





} 
/ 


és 
? 


Hemegied - (% 
t 





. 
- 











R.B¢ 








Releulocstes (%) 


= 





(=m) 
— a 





3" | 
Eq 
| 
if 
| 


Waecht (lee) 
7 A 








Time (terry 


8), and no response in two (cases 4 and 6). Case 4 responded poorly to 
15 » gm. of vitamin Biz intramuscularly. 

When larger single doses (90 to 450» gm.) of vitamin Biz were given 
orally to four patients, a suboptimal response occurred in one (case 2), as 
shown by an increase in the red blood cell count. There was no response 
in three (cases 4, 9 and 10). Either folic acid or intramuscular vitamin 
Biz produced superior results when compared to the oral vitamin Biz used. 

Tables 2 and 3 show the effect of oral administration to two patients 
of large daily doses of vitamin Bi2 alone. When multiple daily doses of 100 
to 400 »gm. were used, a suboptimal response was obtained in each case. 

A reticulocytosis developed in each case when the dose had been increased 
to 150 to 200 ~gm. of vitamin Biz per day and had been used for a period of 
seven days. 

In the first case (table 3), it took 16 weeks for the hemoglobin to in- 
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crease from 35 to 85 per cent and for the red blood cell count to increase from 
1.3 to 3 millions per cu. mm. Clinical response as shown by disappearance 
of the glossitis and diarrhea occurred after 12 weeks of medication. 

In the second case (table 3), after six weeks of medication the hemo- 
globin increased from 64 to 72 per cent, and the diarrhea and glossitis 
disappeared. 

Table 4 compares the hematopoietic action of vitamin Bi2 given alone 
with that of simultaneous administration of vitamin Biz and gastric juice. 

A suboptimal response was obtained in two cases (cases 7 and 8), and 
no response developed in the third (case 6). This “failure case” was 
treated twice, using 90 and 150 c.c. of gastric juice, without any response, 
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while intramuscular administration of vitamin Biz produced an adequate 
increase in the reticulocyte count, hemoglobin and red blood cell count. 

Gastric juice appeared to have potentiated the hematopoietic action of 
oral vitamin Biz in two cases (7 and 8). 


CONCLUSIONS 
1. Vitamin Biz alone, given by mouth, has a definite but limited hema- 
topoietic activity in sprue. , 
2. Gastric juice potentiated the hematopoietic activity of orally admin- 
istered vitamin Biz in two cases out of three. 
3. Small single doses of vitamin Biz (15 to 50 gm.), given alone by 
mouth, failed to induce a hematopoietic response in two cases out of eight 
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that were treated. Of these eight cases, one had an optimal response and 
five had suboptimal responses. 

4. Large single doses of vitamin Biz (90 to 450 » gm.) failed to induce 
a response in three out of four cases when given alone by mouth. 

5. Large multiple daily doses of 100 to 400 » gm. of vitamin Biz given 
alone by mouth to two patients induced a suboptimal response in each case. 
Definite clinical improvement occurred in six weeks in one case and in 12 
weeks of treatment in the other case. 

6. In sprue it appears that the approximate minimal dose of vitamin Biz 
needed to produce an appreciable reticulocytosis and definite clinical im- 


provement when given alone by mouth is between 150 and 200 » gm. daily 


for at least two to three weeks or longer. 

7. Fifteen milligrams of folic acid by mouth daily, or 15 micrograms 
of vitamin By2 intramuscularly, are more potent hematopoietic agents than 
the oral administration of vitamin Biz in the doses used in this study, either 
alone or mixed with gastric juice. 

8. The potentiating hematopoietic action of gastric juice on orally ad- 
ministered vitamin Bie to patients with sprue seems to be inferior to the 
results obtained with pernicious anemia by Castle or by the Mayo Clinic 
group, even though larger doses were used. This difference may have been 
due to the difference in the source of the vitamin Biz. In this study the 
Squibb’s preparation was used in eight cases, while Castle *’ and Hall and 
Campbell ® used vitamin Biz supplied by Merck laboratories. Another pos- 
sible explanation for this difference in response in sprue might be that, in 
this condition, even though we might have enough intrinsic factor, the 
intestinal absorption of the extrinsic factors or the antipernicious anemia 
factor (vitamin Biz) is impaired. 

9. At the present time, the oral use of vitamin Biz in sprue is not the 
most efficient or practical way to treat this disease. 


BIBLIOGRAPHY 


1. Shorb, M. S.: Activity of vitamin Bis for the growth of Lactobacillus lactis, Science 
107 : 397, 1948. _ 

Riches, E. L., Brink, N. G., Konuissy, F. R., Wood, T. R., and Folkers, K.: Com- 
parative data on vitamin Bis from liver and from a new source Streptomyces griseus, 
Science 108: 634, 1948. 

West, R.: Activity of vitamin Bis in Addisonian pernicious anemia, Science 107: 398, 
1948. 

Smith, L. L.: Purification of anti-pernicious anemia factor from liver, Nature 161: 638, 
1948. 

West, R.: Vitamin Bis a cobalt complex, Science 108: 134, 1948. 

Smith, E. L.: Presence of cobalt in the anti-pernicious anemia factor, Nature, London 
162: 144, 1948 

Bethell, F. H., Meyers, M. C., and Neleigh, R. B.: Vitamin Bis in pernicious anemia 
and puerperal macrocytic anemia, J. Lab. and Clin. Med. 33: 584-591, 1948 





ORAL ADMINISTRATION OF VITAMIN Biz IN TROPICAL SPRUE 59] 


8. Erf, L. A., and Weimer, B. M.: Blood. To be published 

9. Hall, B. E., and Campbell, D. C.: Vitamin Bis therapy in pernicious anemia, Proc. Staff 
Meet., Mayo Clin. 23: 584-591, 1948. 

10. Spies, T. D., Suarez, R. M., Garcia-Lopez, G., Milanes, F., Stone, R. E., Lopez-Toca, R.., 
Abramburn, T., and Kartus, S.: Tentative appraisal of vitamin Bis as a therapeutic 
agent, J. A. M. A. 139: 521 (Feb.) 1948. 

11. Berk, L., Castle, W. B., Welch, A., Heinle, R. W., Auber, R., and Epstein, M.: 
Observations on the etiologic relationship of achylia gastrica to pernicious anemia 
X. Activity of vitamin Bis as food (extrinsic) factor, New England J. Med. 239: 
911 (Dec.) 1948 














THE SYNDROME OF THROMBOSIS OF THE POS- 
TERIOR INFERIOR CEREBELLAR ARTERY: 
A REPORT OF 28 CASES * 


By G. N. Lewis, M.D., Gary, Indiana, A. Littman, M.D., Ph.D., and 
E. F. Fotey, M.D., F.A.C.P., Chicago, Illinois 


fue syndrome resulting from occlusion of the posterior inferior cerebel- 
lar artery (PICA) was defined clearly by Wallenberg in 1895." Typically 
there is, without loss of consciousness, a sudden onset of vertigo, falling, 
unilateral ataxia, vomiting, diplopia, paresthesias, dysphagia and dysphonia. 
Horner's syndrome, cerebellar signs, unilateral palatal paralysis, ipsilateral 
loss of pain and temperature perception of the face and similar sensory im- 
pairment on the contralateral side of the body are observed. 

In 1946 Louise-Bar,’? in an elaborate review of the literature of this 
entity, listed 240 references and presented six cases. Most of the clinical 
reports deal with one or two cases, and a few describe six or eight cases. 
The small number of cases reported is not in accord with the opinion, fre- 
quently expressed, that the lesion is not rare. Levine et al.,* for example, 
found three cases at Beth Israel Hospital in Newark in a single year. 
Brown * stated that he has seen 15 cases in two years. While there is 
general agreement on the typical clinical manifestations of the syndrome, 
there has been no attempt to estimate the frequency with which the various 
symptoms and signs are present. 

We were prompted to undertake this study because we have had available 
a considerably larger group of patients than has previously been described 
in one report. 


THE CLINICAL MATERIAL 


This report describes 28 cases seen at the Cook County Hospital from 
1938 to 1949. Twenty cases were observed in 1948 and 1949, many of 
which we examined, while eight were seen by others in the previous 10 
year period. The patients seen in the earlier period were all on the 
neurology service, Whereas in most of the recent cases the diagnosis was 
made on the medical wards. In most instances the diagnosis was confirmed 
by consultants from the Neurology Department. We attribute the apparent 
increase in incidence to the increased awareness on the part of the general 
medical staff of the clinical features of the syndrome. 

We were able to reexamine 10 patients from six to 24 months after 
their acute episodes and to obtain some information on two others, one of 
whom died eight years after his occlusion. 

* Received for publication July 13, 1951. 


__ From the Department of Medicine, Cook County Hospital, and the Departments of 
Clinical Science and Medicine, University of Illinois College of Medicine, Chicago 
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Age, Sex, Race Distribution. As shown in table 1, 86 per cent of the 
patients were between the ages of 40 and 69. This corresponds closely to 
the age incidence of the other more common forms of cerebral vascular 
thromboses as seen at Cook County Hospital. Sixteen, or 57 per cent, of 
our patients were Negroes and the remainder were white. 

Associated Diseases. Sixteen patients were found to have hypertension, 
and in two additional cases there was a history of hypertension prior to the 
stroke. In 11 cases there were findings of early to moderate retinopathy. 

In 18 cases, reports of the Kahn or Wassermann reactions or both were 
available. All were negative. In 13 of these patients the Wassermann 
reaction of the spinal fluid was negative, and in one case it was positive. 
In three additional cases there was a history of treated syphilis. 

There was one diabetic in the entire group. 


TABLE I 
Age and Sex Incidence 











Male Female 

















In our presentation, incidence ts always expressed with reference to the 
number of cases in which the presence or absence of the sign or symptom ts 
unequivocally recorded. In relatively few instances were the records in- 
complete with regard to the important observations. 


SYMPTOMS 


The incidence of the various symptoms is listed in table 2. It is clear 
from these data that certain symptoms occurred regularly. We wish to 
emphasize, however, that there was great variation in the relative severity 
of the various complaints, which led to difficulty in diagnosis in some cases. 

Prodromata. Three patients complained of dizziness and headache 
during a period of up to two weeks before the stroke. These complaints 
occurred suddenly once or twice and lasted from several minutes to an hour. 
In the remaining cases no prodromal symptom was described. 

Onset. The onset was acute in 27 cases, with sudden dizziness and 
headache. In one otherwise typical case, the onset was gradual over a 
period of several hours. In many cases paresthesias were noted immedi- 
ately, and in two instances vomiting occurred at once. The other symptoms 
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usually were not perceived for several hours, and some complaints, often 
hiccough, did not appear until several days later. 

Vomiting. Vomiting occurred in 20 of the 28 cases, or 71 per cent. It 
was nonprojectile in character and often was not related to meals. In some 
cases this symptom was of such severity that parenteral fluids were required 
for several days. In all cases the vomiting gradually became less frequent 
and did not recur after the second week. 

Dysphagia. ‘Twenty patients, or 80 per cent of 25 cases, had dysphagia. 
Most patients had complete recovery of the ability to swallow, but several 
required tube feedings for as long as a month. One patient, six months 
after her stroke, often has sufficient dysphagia to require self-administered 
tube feedings. Milder degrees of this complaint were present in three cases 
for from six to 16 months. 








TaBLe II 
Symptoms 
Complaint Present Denied hat Cusely 
Acute onset 27 1 0 
| (subacute) 
Vomiting 20 0 
Dysphagia 20 5 3 
Giddiness 23 2 3 
Vertigo 22 1 5 
Falling 14 | 11 3 
Paresthesias 21 2 5 
Dysphonia | 19 5 4 
(including hoarseness) 

Hiccough 14 7 7 
Diplopia*® 16 4 6 
Motor weakness 20 2 6 
Headache 16 | 5 7 


* Two patients were blind prior to the stroke. 


Dizziness was present in 23 of 25 patients or 92 per cent. This com- 
plaint, differentiated from true vertigo, rarely was troublesome for more 
than several days. However, vertigo, which occurred with about the same 
frequency, was incapacitating in several cases. In one otherwise typical 
case, this complaint kept the patient from getting out of bed for two years 
A history of falling was obtained in 14 cases (58 per cent) and denied in 10 
cases. In three of the 14 patients who fell, there was no specific statement 
in the record regarding the presence or absence of vertigo. In all of the 11 
patients who fell, where mentioned, vertigo was present. Several of the 
patients who fell did not have motor symptoms or paresis. The correlation 
of falling with vertigo and poorer correlation with motor symptoms sug- 
gest that the falling is on the basis of cerebellar dysfunction. That all 
patients with vertigo did not fall perhaps could be explained by differences 
in attempting to walk, presence of supporting objects or persons, etc., as 
well as by differences in the severity of this complaint. Dizziness was a 
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persistent complaint in three cases at the time of reéxamination, eight months 
to two years later. This was severe enough in only one instance to inter 
fere with activity. 

Paresthesias were present in 21, or 91 per cent of 23 patients, and were 
characteristically an early complaint. Four patients had pain in the face 
either on the side of the lesion or on the contralateral trunk. In four ad- 
ditional cases there was perversion of sensation in the area of diminished 
pain and temperature sensibility. This consisted of the perception of pain 
on the application of warm or cool objects to the involved areas, as in 
patients with thalamic lesions. In all cases, the areas in which any kind 
of abnormal sensations were felt corresponded anatomically to the areas 
of diminished pain and temperature perception. At no time did paresthesias 
require the use of sedatives. This symptom disappeared gradually in some 
cases, but in seven of the 11 patients examined later the sensation of burning 
or numbness had persisted for a period of from six months to two years. 

Dysphonia was found in 19 cases, or 79 per cent of the 24 satisfactory 
records. In most instances this consisted of hoarseness, but in several it 
consisted of slurred speech. Aphonia did not occur. The speech disturb 
ance disappeared entirely except for one patient, whose hoarseness persisted 
until his death eight years later. 

Hiccough occurred in 14 patients, representing 62 per cent of 21 cases 
This disappeared in all cases within two weeks, but in a few instances it was 
very annoying during the first week. 

Diplopia. This complaint was mentioned by 16 patients and denied 
by four, giving an incidence of 80 per cent. Two patients were blind prior 
to the development of the syndrome. In the patients with diplopia, no 
paresis of the extraocular muscles was demonstrated. Double vision was 
distressing to some patients but in others was present only on lateral gaze 
In all cases it was of short duration and disappeared completely. 

Motor weakness, referring to diminished muscular strength in the ex 
tremities of one side, was recorded in 20 (91 per cent) of 22 cases. The 
weakness was usually mild, and none of the patients had complete paralysis 
Slight unilateral motor weakness was described by six of the 11 patients 
seen on follow-up examination; in three of these instances, slight weakness 
could be detected clinically, in two cases limited to the hand. 

Headache occurred in 16 of 21 patients, or 76 per cent. This had no 
characteristic location or quality and sometimes required aspirin for relief 
The duration was never more than several days. 


NEUROLOGIC FINDINGS 


The consistent widespread neurologic abnormalities, as listed in table 3, 
result from involvement of the sympathetic centers, sensory nuclei and tracts, 
cerebellar and vestibular systems, certain cranial nerves and the pyramidal 
tracts 
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Horner's syndrome was found in 24 of 27 cases, or 89 per cent. It 
regressed slowly, and in six patients it was present at the follow-up examina- 
tion from six to two years after the episode. 

Sensory Nuclei and Tracts Involving Pain and Temperature Perception. 
Impairment in this modality was shown in the distribution of the ipsilateral 
trigeminal nerve in 20 of 27 cases, or 74 per cent. In four cases, or 15 


Taste Ill 


Neurologic Abnormalities 





= = — - 
Present Absent | Not Clears 














Recorded 
1. Horner’s syndrome 24 3 1 
2. Impairment of pain and 
temperature perception 
(a) Ipsilateral face and 
contralateral trunk 20 
(b) Contralateral face and | 
contralateral trunk 4 
(c) Contralateral trunk only 3 j 
Total 27 | 
3. Cerebellar signs | 17 7 | 4 
(exclusive of nystagmus) 
Nystagmus 18 . 2 
4. Cranial nerves 
(a) Diplopia } 16 4 6* 
(b) Facial weakness 19 7 2 
(c) Palatal paralysis 19 6 3 
(d) Dysphonia 19 5 4 
(including hoarseness) 
(e) Dysphagia 20 5 3 
(f) Hiccough 14 | 7 7 
5. Hemiparesis 
(a) Ipsilateral 12 
(b) Contralateral ‘ 
Total 20 6 2 
6. Babinski's sign 
(a) Ipsilateral 5 
(b) Contralateral 6 
Total 11 13 4 














* Two patients were blind prior to these episodes. 


per cent, there were similar sensory changes in the contralateral distribution 
of this nerve. However, in all 27 cases the sensory loss on the trunk and 
extremities was contralateral to the lesion. Thus, although this contra- 
lateral sensory impairment in the trunk and extremities was invariable, the 
impairment of this modality in the face was less consistent both in occur- 
rence and laterality. In the 10 cases in which careful neurologic examina- 
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tions were repeated from six months to two years after the episodes, we 
found persistent sensory changes in nine, or 90 per cent. In eight patients 
these consisted of mild to marked impairment of pain or temperature per- 
ception or both. This was present on the contralateral side of the trunk 
and extremities in all cases, and also on the ipsilateral side of the face in 
three. In one case there was perversion of sensation remaining. 

Cerebellar and Vestibular Systems. We did not study the individual 
cerebellar signs because of the variations in the recording of these tests. 
However, one or more typical cerebellar signs (other than nystagmus) were 
described in 17 or 24 cases, or 78 per cent. These signs usually had disap- 
peared by the end of the second week, but slight residuals were found in 
two cases after six and !3 months. 

Nystagmus was demonstrated in 18 of 26 cases, or 69 per cent. This 
sign is considered separately because in two patients nystagmus was found 
without cerebellar signs. Also, three patients with cerebellar signs did 
not have nystagmus. In none of the patients observed later did this sign 
persist. 


Cranial Nerves. 


1. Diplopia is mentioned in this group for convenience although, as 
mentioned below, it may not be due to cranial nerve involvement. 
We have discussed this finding in the section on symptoms. 

Facial weakness. There was no patient with actual facial paralysis. 

However, weakness of facial muscles or definite flattening of the 

nasolabial fold was observed in 19 of 26 cases, or 73 per cent. This 

finding was always ipsilateral. It persisted in five of the cases ex- 
amined from six to 24 months later. 

3. Palatal paralysis occurred in 19 of 25 cases, or 76 per cent. This 
varied from slight to marked, was ipsilateral in all instances and re- 
mained in three of the patients observed later. 

4. Dysphonia, dysphagia and hiccough were considered in the section on 
symptoms. 


N 


Pyramidal Tract. Complete paralysis did not occur. In 20 of the 26 
cases, or 77 per cent, there was distinct weakness of the extremities on one 
side. In 12, or 60 per cent of these patients, the weakness was ipsilateral, 
whereas in the remaining 40 per cent it was contralateral. There was slow 
restoration of muscular power. In five of the nine cases reéxamined after- 
ward, there was a complaint of unilateral weakness, but this could be demon- 
strated on testing in only two instances. 

Babinski’s sign was found in 11 of 24 cases, or 46 per cent. In five 
instances this sign was present on the side of the lesion, and in six it was 
contralateral. There was no patient having a bilateral Babinski’s sign after 
the examination on admission. In six of the nine patients in whom both 
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Babinski’s sign and hemiparesis were present, these findings were on the 
same side, whereas in three instances they were crossed. 


ANATOMY AND PATHOPHYSIOLOGY 


The PICA is the longest and largest branch of the vertebral artery. It 
supplies the posterior inferior surface of the cerebellum and the lateral part of 
the medulla oblongata. This artery anastomoses with its fellow of the op- 
posite side and with a branch of the superior cerebellar artery. As the 
PICA winds around the medulla it gives off terminal vessels to the retro- 
olivary area. Since these vessels are end arteries and are the only source 
of blood supply to this area, occlusion of the PICA will produce softening 
in the lateral part of the medulla. The occlusion will not affect other 
regions because the remaining branches are not end arteries.’ 


,Vestibulor nucieus Vill 










Nucleus solitorius 


(Sensory nucleus IX X), 
; Nucleus cuneotus 


Restiform body 


Spinal troct of 
Nucleus ambiguus ‘trigeminal nerve V 


(Motor nucleus IX, X ,xIT>~ 
Dorsal spinocerebellar 


Medial longitudinal fasciculus” tract 
a -Glossophoryngeal nerve IX 
Tectospinal tract 
“Vagus nerve X 


_ Spinothalomic tract 
~ Ventral spinocerebellar troct 


Medial lemniscus 


Corticospinal tract—- - Inferior olive 


-Hypoglossa!l nerve Xi 
Fic. 1. Cross section of the medulla at mid-olivary level. (Redrawn from Purves- 


Stewart: The Diagnosis of Nervous Diseases, Ed. 9, 1945, Williams & Wilkins, Baltimore; 
with permission.) 


The medial side of the medulla, which includes the hypoglossal nucleus 
and nerve, the mesial fillet, the posterior longitudinal bundle and the 
pyramidal tract, is not affected. This area receives its blood supply from 
the upper branch of the anterior spinal artery which arises from the vertebral 
artery.® 

The lesion produced by the occlusion of the PICA extends from the 
olivary body in front to the entrance of the restiform body into the cere- 
bellum behind. The level of the middle of the hypoglossal nucleus is the 
lower limit of the softening, while the upper limit extends to the level at 
which the restiform body enters the cerebellum.’ In this area of softening 
are important sensory and motor nuclei and pathways whose functions be- 
come reduced or lost (figure 1). These structures include: 
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1. Medullary extension of the lateral spinothalamic tract, carrying pain 
and temperature sensation from the opposite side of the body. 

2. Medullary extensions of the anterior and posterior spinocerebellar 
tracts, carrying deep sensibility impulses to the cerebellum. 

3. Descending root and nucleus of the trigeminal nerve, conveying pain 
and temperature sensation from the ipsilateral side of the face. 

4. Nucleus ambiguus, which supplies the striated muscles of the pharynx, 
larynx and soft palate via the IX and X nerves. 

5. Reticular formation, containing the sympathetic pathway from the 
hypothalamus to the spinal cord, and also the respiratory center 

6. Sensory nuclei of the glossopharyngeal and vagus nerves and the 

dorsal nucleus of the vagus. 

Restiform body (inferior cerebellar peduncle ) 

Deiters’ (lateral vestibular) nucleus 


“SJ 


x 


Production of Symptoms and Findings 


Sensory Disturbances. Loss of pain and temperature sensation on the 
ipsilateral side of the face occurs in the distribution of the trigeminal nerve 
because the lesion includes the descending root and tract of this nerve 
Paresthesias in this area are explained on the same basis. The other 
sensory modalities of the face are intact because the chief sensory nucleus 
in the upper portion of the pons is unaffected. We are unable to explain 
why in four cases the sensory impairment in the face was contralateral to 
the lesion. This variation has been observed before.* The contralateral 
paresthesias and sensory loss on the trunk and the extremities result from 
the interruption of the spinothalamic tract passing through the medulla. 
Perversion of sensation similar to that occurring from the lesions of the 
thalamus may be produced by this disturbance.*** There is no disturbance 
in the other modalities of sensation which pass in the mesial fillet. 

Cerebellar Signs. Dizziness, vertigo, falling to either side and dis 
turbances of equilibrium are caused by the involvement of the restiform 
body, the spinocerebellar tracts and Deiters’ nucleus. Nystagmus is at 
tributed to the irritation of Deiters’ nucleus and the ocular connections 
through the posterior longitudinal bundle.**"** It is suggested that in 
those cases without nystagmus but with cerebellar signs, only the posterior 
part of the cerebellum is affected or only the spinocerebellar tracts are in 
terrupted. Furthermore, in those patients having nystagmus without 
cerebellar signs, it would appear possible that the lesion involves only the 
ocular connections to the posterior longitudinal bundle 

Although weakness of the lateral rectus muscle was not observed, diplo 
pia could conceivably be explained on this basis because the abducens nucleus 
is sometimes supplied by the PICA. Also, softening may extend to in 
clude the VI nerve nucleus.“ On the other hand, interruption of the ocular 
connections from Deiters’ nucleus also could be responsible for diplopia 
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Sympathetic Disturbances. The softening intercepts the reticular forma- 
tion containing the ipsilateral sympathetic pathway, producing sympathetic 
paralysis. This is known as Horner’s syndrome and consists of ptosis of 
the upper eyelid, miosis, enophthalmos, anhidrosis and flushing of the same 
side of the face and smoothing of the ipsilateral facial muscles. Loss of 
sympathetic stimulation to the nonstriated part of the levator palpebrae 
superioris produces the ptosis. However, this is a pseudoptosis, as the 
patient is able to raise the lid, the voluntary portion of the muscle being 
supplied by the III nerve, which is unaffected. The paralysis of the dilator 
pupillae causes miosis. The pupil does not dilate, but it will contract in 
response to light. Enophthalmos is caused by the elevation of the lower 
lid, although some ascribe it to paralysis of the muscle of Muller.". Vaso 
motor and secretory changes are inconstant features. 

Weakness of the facial muscles on the ipsilateral side may be due to 
lack of tone secondary to the sympathetic disturbances. In all 19 patients 
in whom facial paresis was observed there was a definite Horner’s syn- 
drome. Moreover, in none of the three patients without evidence of sym- 
pathetic disturbance was weakness of the facial muscles noted. However, 
the facial nucleus extends into the medulla,’ so that softening could include 
this nucleus and produce facial paresis * or actual paralysis.° 

Cranial Nerves of the Medulla. Vomiting is caused by irritation of the 


s 


vomiting center near the dorsal nucleus of the vagus lying under the floor 
of the fourth ventricle. Involvement of the nucleus ambiguus produces 
ipsilateral paralysis of the vocal cord, causing hoarseness. Affection of this 
nucleus also causes paralysis of the muscles of the pharynx and soft palate, 
contributing to the dysphagia and aggravating the dysphonia. The gag 
reflex on the ipsilateral side is absent, because the sensory nuclei of the IX 
and X nerves are affected. 

Hiccough is said to be due to involvement of the respiratory center 
located in the reticular formation.’ 

A dry, annoying cough was observed in some cases, apparently a conse- 
quence of the dysphagia and aspiration of secretions, water or food into the 
respiratory passages. 

Pyramidal Tract Involvement. The paresis of the extremities and the 
signs of involvement of the pyramidal tract are thought due to the edema 
which appears around the thrombosed area.‘ However, this would not 
explain the persistence for from six months to two years of hemiparesis in 
three otherwise typical cases. Occlusion of the vertebral artery must be 


considered in these cases because it produces a similar picture when such 
paresis is persistent. The differential diagnosis between thrombosis of the 
vertebral artery and the PICA is almost impossible under such circum 


10, 11 


stances. 





POSTERIOR INFERIOR CEREBELLAR ARTERY THROMBOSIS 601 


LATER CLINICAL COURSE 


We have been able to determine the late outcome in 20 of the 28 cases. 
Ten patients died. Of these, seven died at the first hospital admission, the 
time of death varying from 12 hours to eight months after entry. There 
was no autopsy in these cases. The clinical diagnoses of the causes of 
these deaths were: hypertensive heart disease with congestive failure (one 
case ) ; bre mchopneumonia (two cases ) ; recurrent stroke (two cases ) ; and, in 
two cases, death was considered due to the PICA thrombosis itself or to an 
undiagnosed fulminant complication within 48 hours of the onset of the 
original lesion 

Three of the patients died from one to eight years after leaving the 
hospital, in each case the cause of death appearing to be apoplexy. Thus 
five, or 50 per cent of subsequent deaths, were due to recurrent acute 
cerebral vascular lesions. 

There were 11 patients living at the time of this report, all in good 
general health. We have reéxamined 10 of these patients from six months 
to 12 years after their episodes. There were certain persistent complaints and 
neurologic abnormalities, as mentioned in the discussion of the individual 
symptoms and findings. Eight of the 10 survivors had successfully re 
turned to their previous occupations, although one patient continued to have 
episodes of vertigo or dizziness, sometimes with falling. The same com 
plaints greatly restricted the activity of the other two survivors 


SUMMARY 


The findings in 28 cases of thrombosis of the posterior inferior cerebellar 
artery are presented, with an analysis of the symptoms and neurologic 
abnormalities 

In most cases there was a sudden onset of vertigo, falling, unilateral 
ataxia, vomiting, diplopia, paresthesias, dysphagia and dysphonia. 

Horner’s syndrome, cerebellar signs, unilateral palatal paralysis, ipsi 
lateral loss of pain and temperature perception of the face and contralateral 
loss on the trunk and extremities were observed. 

Late follow-up examinations in 10 cases revealed a persistence of certain 
abnormalities 

Although most cases presented all or most of the typical signs and 
symptoms, it is emphasized that there was much variation in the clinical 
picture, due to differences in their relative severity 
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DETECTION OF HEART DISEASE IN A MASS 
CHEST X-RAY SURVEY FOR TUBERCU- 
LOSIS CASE-FINDING* 


By Daniet Porte, M.D., F.A.C.P., Jamaica, New York 


THE value of early diagnosis of heart disease is well recognized. When 
cardiac conditions are detected in the earliest possible stages, the course of 
the disease may be arrested or retarded and the patient permitted to live a 
useful life within the limits of his capacity. Unfortunately, our present 
diagnostic aids are not sufficiently sensitive to reveal all latent abnormalities 
which may later lead to acute or chronic heart disease. Therefore, negative 
findings from cardiac examination cannot be considered a guarantee of 
absence of heart disease. However, positive findings are of great value in 


revealing the need for a therapeutic regimen 

The use of screening technics developed in other areas of public health 
work has been advocated for the control of cardiovascular diseases."** To 
determine the utility of a given screening technic for the detection of cases of 
some specific disease, three questions must be posed: Can the test be per- 
formed at relatively low cost per person tested? Is relatively little time 
required of the participating physicians? Is the test productive of a fair 


number of previously unknown cases ? 

One promising method of detecting heart disease is mass surveys with 
roentgenograms of the chest. <A study of the usefulness of a survey which 
was designed primarily for the detection of tuberculosis for revealing cardio- 
vascular disease was recently conducted by the Queensboro Tuberculosis 
and Health Association. A typical survey, in which roentgenograms of 
the chest of 6,579 persons over 15 years of age were made in mobile units 
using 70 mm. film, was selected for the study. These plates were read by a 
team of specialists who had had considerable experience with miniature 
films. Abnormality of the heart was suggested by 87 of the roentgenograms 
These persons were invited to the Association’s headquarters for examina 
tion “for a condition other than tuberculosis.” 

The examination consisted of a complete history taken by a nurse in 
conformity with standards of the American Heart Association, a 14 inch 
by 17 inch chest roentgenogram taken at a distance of 6 feet, a 9-lead electro 
cardiogram, measurement of the blood pressure and physical examination. 

Of the 87 persons, 19 were found to have heart disease which was pre 
viously unknown, 26 had cardiovascular disease which was previously 
known, and 25 were found to be free of organic heart disease. Of these 25, 
nine were found to have essential hypertension on the basis of blood pressure 
readings exceeding 150/100 mm. of Hg. The remaining 17 persons did 


* Received for publication May 29, 1951. 
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not reply to the invitation tor examination. In this series, then, about one 
out of every four persons who returned for reéxamination was found to have 
previously: unknown organic cardiovascular disease. 

These findings compare favorably with the productivity of the survey 
from the point of view of tuberculosis case-finding. A total of 126 persons 
was recalled because of suspected pulmonary disease. Of these, nine were 
found to have active tuberculosis and 72 were diagnosed as arrested, ap 
parently cured or questionable tuberculosis (table 1) 


TABLE | 


Incidence of Heart Disease and Pulmonary Tuberculosis Uncovered by 








the Woodside Chest X-Ray Survey, November, 1950 
Number 
Heart Disease 
lotal x-rayed 6,579 
Recalled for follow-up because of cardiovascular abnormality 
on 70 mm. x-ray 87 
Responded to follow-up request, thus facilitating final diagnosis 70 
Attended cardiac follow-up session at Association 56 
Follow-up by private physician i4 
No response to follow-up request; final diagnosis unavailable 17 
Final Diagnoses of 70 Persons Who Responded to Follow-up Request 
No evidence of organic cardiovascular disease (essential hypertension 
noted in 9 of these patients) 25 
Organic heart disease 45 (.7%) 
Hypertensive arteriosclerotic heart disease 32 
: Rheumatic heart disease 12 
\rteriosclerosis without hypertension 1 
Patients whose cardiac disease was unknown to them 19 (.3%) 
Patients with known cardiac history 26 
Not under treatment at present 8 
Under treatment at present 18 
Respiratory Tuberculosis 
lotal x-rayed 6,579 
i Recalled for pulmonary abnormalities 126 
i, = discovered ' 81 
Ii ctive— minima 4\ 
ft ; moderately advanced 5 14% 
: : \rrested 46 
| Apparently cured 19 
Activity undetermined 6 
} ; Questionable lesion 1 


Of the cases of heart disease, both known and unknown, 32 had hyper 
tensive and arteriosclerotic heart disease, 12 had rheumatic heart disease 
and one had arteriosclerotic heart disease without hypertension. 

Reports of the examinations were sent to the subjects’ private physicians 
when findings were negative as well as when they were clinically significant 
lwo persons who did not have physicians agreed to have their reports sent 
to hospital clinics 

Most of the cases of rheumatic disease were previously known, whereas 
more than half the cases of hypertensive arteriosclerosis were discovered 
for the first time through the chest roentgen-ray survey 
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Table 2 shows the distribution of findings according to age, race and 
sex. Previously unknown cases of hypertensive arteriosclerosis were found 
in every age group over 24 years. However, since the sample of persons 
examined by roentgen-ray followed, roughly, the population curve, findings 
of arteriosclerosis among people over 55 years of age were proportionately 
higher than among younger people. 

An indication of the proportion of 70 mm. thoracic Paty i 8 
which may be expected to suggest cardiac abnormalities is given in table 3 
Of the 30,072 persons who had chest films taken in the Queensboro Tu- 


TABLE II 


Cardiac Abnormalities (New and Known Cases) According to Age, Race and Sex 


Hypertensive 
Arteriosclerosis 


Arteriosclerosis Without 
Hypertension 


M F | Total} } | M | F_ | Total 
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Hypertensive Arteriosclerosis Rheumatic Heart Disease 
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44 
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* One colored. 


berculosis and Health Association’s $1 X-ray Service during 1949 and 1950, 
slightly more than 1 per cent were recalled for pulmonary follow-up and ap- 
proximately 2.5 per cent had abnormal cardiac shadows. Both these per- 
centages may be a little higher than would be found in a random sample of 
the population because a large number of persons attending the $1 X-ray 
Service were referred by physicians who suspected the existence of thoracic 
disease. 

In the opinion of this writer, the proportion of films of the chest which 


will be considered to indicate cardiac examination in future studies may be 


decreased as clinicians develop greater skill in interpretation. Not un- 
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rase IIl 


Dollar X-Ray Service 
(Screening Film) 


Indicative of Cardiac 


Year Total X-Rays Indicative of Tuberculosis Disease 


1949 15,820 203 426 
1950 14,252 154 378 
lotal 30,072 357 804 


commonly, a 4-foot 70 mm. film of the chest will indicate enlargement of the 
heart when a 6-foot 14 inch by 17 inch film will show that the size of the 
heart is within normal limits. In this writer's experience with 70 mm 
chest films, abnormalities in the contour of the cardiac shadows proved to 
be more significant than apparent enlargement of the heart 


CONCLUSIONS 


Mass surveys using thoracic roentgenograms tor the detection of previ 


ously unknown, clinically significant cardiovascular disease meet the quali 


fications for an efficient screening process. Application of the technic to 
revealing heart disease compares favorably with its use in the detection ot 
tuberculosis in productivity, in time required by participating physicians and 
in administrative cost. The method has recognized limitations, but some of 
these may disappear as refinements are introduced 
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PHYSIOLOGIC FACTORS IN THE TREATMENT OF 
CHRONIC HYPERTROPHIC PULMONARY 
EMPHYSEMA * 


By Hytan A. BicKerMAN, M.D., and Gustav J. Beck, M.D.,7 
Vew York, N. Y 


Tue difficulties involved in the treatment of chronic pulmonary em 
physema have recently been emphasized, especially the undesirable reactions 
that may follow the administration of oxygen in markedly anoxic patients 
Comroe' observed the development of mental changes ranging from som 
nolence to coma in eight of 65 patients with mild to severe chronic anoxemia, 
who were given high concentrations of oxygen to breathe. Godfrey, Pond 
and Wood studied an emphysematous patient who became comatose within 
five minutes after treatment with 90 to 97 per cent oxygen, and regained 
consciousness with equal rapidity when oxygen was discontinued Davies 
and Mackinnon mentioned two patients with cor pulmonale who showed 
neurologic changes during oxygen administration, one of whom became 
comatose within two hours and died after four hours of oxygen treatment 
Donald mentions a patient who went into coma after 12 hours of oxygen 
therapy but regained consciousness shortly after oxygen was withdrawn." 

In cases of congestive failure, pulmonary emphysema and fibrosis treated 
with moderate concentrations of oxygen, i.e., 40 to 50 per cent oxygen, 
Barach and Richards **** reported no adverse mental changes in_ the 
patients studied but did mention an increased tendency to sleep associated 
with progressive relief of orthopnea and dyspnea. The development of 
irrationality, depression and stupor was subsequently described by Barach * 
as an occasional consequence of oxygen treatment; a comatose state took 
place in one patient with pulmonary emphysema which persisted for five days, 
terminating spontaneously into a rational cheerful disposition as long as the 
oxygen supply was not interrupted. Since 1938 Barach has emphasized 


that these untoward symptoms were prevented by a regulated program of 
oxygen treatment in which the oxygen concentration breathed by the patient 


10, 11 


In 
addition, a similar type of irrationality which took place in patients with 
cerebral arteriosclerosis, as a result of breathing high concentrations of oxy 
gen, was likewise prevented by a similar program of graduated increase in 
the percentage of oxygen in the inspired air.’° Goggio** and Baldwin, 
Cournand and Richards * emphasized the value of oxygen therapy when 


was begun at a low concentration and increased very gradually. 


* Received for publication April 16, 1951 

From the Research Service, First (Columbia) Division of the Goldwater Memorial 
Hospital, Department of Hospitals, City of New York, and the Department of Medicine 
College of Physicians and Surgeons, Columbia University, New York, N. Y. This in- 
vestigation was supported by a grant from the Cornelius Crane Fund 

+ With the technical assistance of Doris Gates, A.B 
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properly administered for the relief of acute anoxic states in patients with 
pulmonary emphysema, but they cautioned against the use of continuous 
prolonged therapy in chronically anoxic patients in whom termination of 
treatment provoked recurrence of dyspnea. 

The intention of this paper is to present additional studies that bear on 
the physiologic and clinical factors involved in oxygen treatment in pul- 
monary emphysema and, in addition, recent observations on the relief of 
bronchial spasm and the overinflation of the lungs that characterize this 
clinical entity 


METHODS OF INVESTIGATION 


(A) Effect of Inhalation of Oxygen: The resting pulmonary ventilations 
were recorded spirographically in 10 normal subjects who exhibited no 
evidence of pulmonary disease, while breathing room air for 15 minutes, 
followed by a 15 minute period of 100 per cent oxygen. These studies were 
repeated in 25 patients with mild to severe pulmonary emphysema with no 
evidence of cardiac insufficiency. 

A closed circuit Benedict-Roth ventilometer was employed, with a motor 
blower on the inspiratory side to overcome the slight resistance of the one- 
inch tubing and the soda lime. Close to the mouthpiece, two high-velocity 
valves served to prevent the accumulation of expired carbon dioxide. 
Straight line graphs of pulmonary ventilation were obtained by replacing 
continuously the oxygen consumed by the subject and removed from the 
bell 

Studies of ventilatory function included vital capacity and maximal 
breathing capacity. A tracing of four consecutive determinations of vital 
capacity revealed the air trapped in the lungs, by measuring the difference 
between the maximal expiratory position of the first and last vital capacity. 
This reading is expressed as cubic centimeters of gas trapped in the lung 
and is a reflection of the amount of gas which the subject fails to expire on 
subsequent deep breaths. 

(B) Effect of Bronchodilator Drugs: Studies of ventilatory function 
were performed on a group of patients with pulmonary emphysema, some 
of whom had clinical evidence of bronchospasm. Tracings were taken be- 
fore and 20 minutes after the inhalation of 0.3 c.c. of a 2.25 per cent racemic 
epinephrine aerosol.* 

Similar studies were performed following the ingestion of 0.3 gm. amino- 
phylline with tracings taken 30 minutes and 60 minutes after administration. 


Control studies in the same group were made by substituting placebos for 


oral aminophylline and repeating the above studies. 

(C) Changes in Acid-base Balance: Four patients with moderately 
advanced pulmonary emphysema were given 100 per cent oxygen by the 
Meter mask for periods of three hours. Samples of arterial blood from the 


* The Vaponefrin nebulizer and solution were used in these studies 





TREATMENT CHRONIC PULMONARY EMPHYSEM 


Meon chonge + IE% 


PULMONARY VENTILATION 
BREATHING AIR LIT /MIN 





-10 + +30 


PER CENT CHANGE IN VENTILATION 
AFTER 100% OXYGEN 


Graphic illustration of the per cent change in pulmonary ventilation while breathing 


100 per cent oxygen as compared to air in 10 normal individuals 


femoral artery were drawn before and at the conclusion of the experimental 
period. The specimens were analyzed for carbon dioxide content, serum 
chlorides and pH of arterial blood 


RESULTS 


The normal subjects showed no significant change in the resting pul 
monary ventilation on breathing 100 per cent oxygen (figure 1). Twenty 
one of the 25 patients with pulmonary emphysema exhibited a significant 


fall in resting pulmonary ventilation while breathing 100 per cent oxygen, 
comparable to previously reported findings. In only one patient was there 
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an appreciable rise. The mean decrease for the group as a whole was 21.4 
per cent, expressed as per cent of change from the control level (figure 2) 
The vital capacities of 14 patients in this series were determined for air and 
100 per cent oxygen and showed no appreciable change. However, 11 of 
the 14 exhibited an increase in the maximal breathing capacity when 
breathing 100 per cent oxygen, the mean rise being 12 per cent (table 1, 
figure 3). 

The inhalation of 0.3 c.c. of a 2.25 per cent racemic epinephrine aerosol 
in the patient group resulted in an increase in vital capacity, the mean change 
being 18.3 per cent (table 2, figure 4). In addition, the degree of “trapping” 
was considerably reduced (figure 5). An appreciable number of patients 
in this group exhibited no evidence of bronchospasm clinically at the time 
the spirographic tracings were made. The maximal breathing capacities 
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Fic. 4. Studies on vital capacity and maximal breathing capacity in 29 patients with 


pulmonary emphysema following the inhalation of 0.3 c.c. of 2.25 per cent racemic epinephrine 


expressed as per cent change 


(figure 6) and breathing reserves were significantly increased, with a mean 
change of 32 per cent and 8.4 per cent, respectively. 

When similar studies were performed following the ingestion of 0.3 gm 
aminophylline (table 3), the mean rise in vital capacity at the end of 30 
minutes was 7.3 per cent. At the end of 60 minutes, however, the mean rise 
was 12.9 per cent. The maximal breathing capacity was significantly ele 
vated for both periods : 23.4 per cent at 30 minutes and 45.8 per cent at the 
end of an hour (figures 7 and 8). 

These results are in striking contrast to the data obtained when a placebo 
similar in appearance was substituted for aminophylline. The vital capacity 
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Fic. 9. Change in vital capacity and maximal breathing capacity following ingestion of a 
placebo in per cent of the control level 


Blood and electrolyte studies on four patients before and after inhaling 
100 per cent oxygen for three hours revealed striking evidence of respiratory 
acidosis, with a fall in blood pH, rise in the carbon dioxide content and fall ; 
in the serum chlorides (figure 11). Two of the patients became drowsy 
and all exhibited some agitation. Coma or disorientation was not en 


countered : 
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DISCUSSION 


Dripps and Comroe ** and Otis et al.** studied the effect on respiration 
when 100 per cent oxygen was inhaled by normal individuals. They noted 
a slight depression in the pulmonary ventilation during the first two minutes, 
followed by a mild stimulation after eight minutes averaging 7.6 per cent. 
It was postulated that the latter effect might be due either to the local irritant 
nature of 100 per cent oxygen on the respiratory tract or to pulmonary 
capillary dilatation, producing reflex respiratory stimulation as a result of 
slight pulmonary congestion (von Euler and Liljestrand **). 

A reduction in pulmonary ventilation on inhaling oxygen was first ob 
served in 1908 by Beddard and Pembrey * in a patient with pulmonary con 
gestion due to heart failure, and, later, by Campbell and Poulton ** in patients 
with chronic pulmonary disease. The latter investigators observed a cor 
responding increase in the carbon dioxide concentration in the expired air 
In 1921, Barach and Woodwell ** reported an elevation of the arterial oxygen 
saturation in patients with cardiac insufficiency on inhaling 40 to 50 per cent 
oxygen, with an increase in the arterial carbon dioxide content. In two 
patients with lethargic encephalitis, the carbon dioxide content rose from 
60 to 88 vol. per cent in one and one-half hours 

In the studies of Barach and Richards’ patients with advanced pul 
monary disease and cardiac failure, a consistent elevation in the arterial 
carbon dioxide tension was related to the decrease in pulmonary ventilation 
resulting from the inhalation of the oxygen-enriched atmosphere.” ' This 
increase in arterial carbon dioxide was also recognized as a homeostatic 
mechanism which allowed a greater elimination of carbon dioxide per breath. 
In these cases, no significant change in pH was reported, even in the presence 
of gradually increasing arterial carbon dioxide content. The patients were 
observed in respect to the physiologic and clinical effects of long-term in 
halation of 40 to 50 per cent oxygen in an oxygen chamber or tent. In 
some cases a gradual fall in the arterial carbon dioxide content toward the 
normal level took place despite continuance of oxygen treatment. The 
decrease in arterial carbon dioxide during oxygen therapy indicated a fav- 
orable prognosis with respect to clinical improvement as a result of oxygen 
therapy. In some cases, the inhalation of 100 per cent oxygen did not 
always show an immediate fall in pulmonary ventilation in patients with 
emphysema, since this response may be obscured by the factor of respiratory 
obstruction due to bronchospasm and congestion of the bronchial mucosa.*® 

The mental changes have been ascribed to a number of possible mechan- 
isms, including carbon dioxide narcosis, cerebral vasospasm, depression of 
the cerebral cortex and respiratory acidosis. Baldwin, Cournand and 
Richards ** have emphasized the factor of carbon dioxide retention following 
hypoventilation induced by oxygen therapy. Barach,”* on the other hand, 
has stressed the factor of respiratory acidosis as the cause of the comatose 
state, since elevation of carbon dioxide without acidosis (i.e., acid shift in 
pH) did not result in coma in cases treated over long periods of time. He 
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previously emphasized the importance of a gradual increase of the oxygen 
concentration inhaled by the patient, to avoid the occurrence of an irrational 
or comatose state."”*' Irrationality took place after two hours’ inhalation 
of 100 per cent oxygen in a patient with pulmonary emphysema, with a 
carbon dioxide content of 70 vol. per cent and a pH of 7.2, whereas no mental 
changes were observed in a patient whose arterial carbon dioxide rose to 
120 vol. per cent with a normal pH, after the oxygen concentration of the 
inspired air had been gradually increased. 

Comroe ' mentions the occurrence of drowsiness in four patients whose 
PCO: was between 52 and 77 mm. of mercury (70.3 and 104.4 vol. per 
cent) during inhalation of oxygen. In two patients with bronchial asthma 
and functional pulmonary emphysema, with severe anoxia, a comatose state 
developed during the administration of 50 to 70 per cent oxygen.”* The 
inhalation of high concentrations of oxygen was accompanied by retention 
of carbon dioxide and a fall in pH. In one case, a child, marked improve- 
ment was noted following intravenous infusion of 200 c.c. of N/6 sodium 
lactate. The serum pH rose from 7.08 to 7.27 on completion of infusion. 

Three of the four patients in our series exhibited mental changes ac- 
companied by a severe respiratory acidosis. Restitution to normal took 
place within a short time on cessation of oxygen administration. 

Partial bronchial obstruction, resulting either from spasm of the bron- 
chial musculature or from an excessive production of mucus, is a frequent 
occurrence in pulmonary emphysema. Many observers *” ******* have 
noted the improvement in such patients upon administration of broncho- 
dilator and vasoconstrictor aerosols. Baldwin, Cournand and Richards ™* 
have shown that the mildly emphysematous patient usually performs the 
maximal breathing capacity in a state of hyperinflation as revealed by spiro 
graphic tracings. More rapid ventilation was performed at a lower state 
of inflation following the use of a bronchodilator spray. They found that 
the daily use of such aerosols over long periods resulted in considerable 
benefit and that there was no evidence of harm. 

Our observations of the effect of inhaling 0.3 c.c. of a 2.25 per cent 
racemic epinephrine aerosol.in patients with pulmonary emphysema are in 
accord with the views expressed above. The graphic demonstration of a 
reduction in pulmonary hyperinflation, expressed as “trapping,” is evident. 
Barach and Garthwaite * have outlined the value and limitations of broncho- 
dilator aerosols for the treatment of protracted bronchospasm, especially 
the treatment of the refractory state which ultimately develops in many 
patients with bronchial asthma and the bronchospastic type of pulmonary 
emphysema. 

Considerable literature has accumulated during the past 10 years on the 
use of aminophylline in the treatment of asthma. With few exceptions, 
these papers emphasize the beneficial effect of intravenous administration. 
At the present time, there is still considerable doubt as to the effectiveness 
of orally administered aminophylline in the treatment of pulmonary disease 
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associated with bronchospasm. Bernhardt in 1941, reporting on five 
cases of asthma, remarked that aminophylline was ineffective when given 
orally. Barach '* found that the administration of aminophylline by mouth 
on an empty stomach was a valuable method of producing relaxation of the 
bronchi in a considerable proportion of patients with pulmonary emphysema. 

Objective evidence of the value of oral aminophylline is apparent from 
the spirographic tracings obtained in our series. Patients were tested in 
a basal state. The rise in both vital capacity and maximal breathing ca- 
pacity at the end of one hour as compared to the data following a placebo 
offers experimental support concerning the effectiveness of oral aminophylline 
when employed for the relief of bronchospasm. 


REMARKS ON CLINICAL MANAGEMENT 


Sufficient evidence has been presented regarding the effectiveness of the 
bronchodilator aerosols, aminophylline and ephedrine in the treatment of 
pulmonary emphysema. With constant use, the likelihood that a state of 
refractoriness to these agents will develop, is enhanced. Clinical experience 
indicates that these patients do well at first and then gradually become 
refractory. In many respects, the management of the patient with pulmon- 
ary emphysema with bronchospasm is similar to that of the patient with 
bronchial asthma, namely, treatment of the refractory state. To restore 
sensitivity to the bronchodilator drugs, the following program has been 
employed : 


1. Complete bed rest with avoidance of physical exertion is insisted 
upon. 

2. Demerol, 50 mg., is given either by mouth or subcutaneously four 
times daily after meals and at bedtime for a period of four to six days. 

3. Oxygen by double bent nasal catheter is inhaled, beginning with a 
flow of 1 L. per minute the first day and increasing by 1 L. per minute until 
6 L. per minute are inhaled, representing 28 to 40 per cent oxygen. This is 
maintained for a period of one to four weeks, depending upon the clinical 
condition of the patient. When substantial relief of cough, dyspnea and 
expectoration has been obtained, the oxygen concentration may be gradually 
lowered in a similar fashion.” 


With control of the refractory state, a program for maintenance therapy 
in the ambulatory patient has been devised. Instructions are explained 
and demonstrated to each patient before he leaves the hospital or, in the 
event treatment was administered at home, before he is allowed out of bed. 


DIRECTIONS FOR PATIENT WITH PULMONARY EMPHYSEMA 


1. On arising, use the nebulizer promptly, inhaling Vaponefrin or (in 
some cases who are temporarily refractory to epinephrine), Isuprel, four 
times in deep inspirations. 
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2. Manually elevate the diaphragm, as directed, with the palms of the 
hands underneath the ribs, pushing upward and inward during the last half 
of expiration. This is to be done 10 times, leisurely, either in bed or sitting 
up.** *° 

3. The manual elevation of the diaphragm and Vaponefrin may in itself 
provoke coughing but, if not, coughing should be practiced deliberately to 
get up any mucus that might be present. 

4. Aminophylline, 0.2 to 0.3 gm., or Kiophyllin, should then be taken 
with half a glass of water as directed, on arising and at 3 p.m. 

5. Diaphragmatic breathing has recently been found to be of marked 
value in many cases of pulmonary emphysema.” Practicing at first lying 
down, with one hand on the abdomen and one on the chest, the patient should 
attempt to see that the abdomen protrudes forward during inspiration with 
little or no chest movement. After this has been carried out for two min 
utes, the same exercise should be undertaken sitting up and then walking 

6. The Burgess Gordon two-band belt should then be applied over the 
lower abdomen and worn for the rest of the day 

7. During the late afternoon, between three and five o'clock, or, if in 
convenient at that time, before dinner, Vaponefrin should be inhaled again, 
followed by manual elevation of the diaphragm and by the exercises above 
described 

8. Before the patient retires, Vaponefrin should be inhaled again, fol 
lowed by manual elevation of the diaphragm and an attempt to cough up 
whatever mucus may be present. 

9. During the day, whenever exercise is attempted, the patient should 
endeavor to purse his lips while he is exhaling, so that he breathes against 
an obstruction deliberately introduced at the mouth. The breathing out 
ward during expiration should be conducted slowly but should not be so 
unduly long as to provoke coughing. This expiratory pressure breathing 
should be employed during all exercise.'* *° 

10. When sputa are very viscous and difficult to raise, potassium iodide 
should be taken three times daily before meals for two weeks on and one 
week off. Side effects, such as excessive nasal discharge, acneform eruption 
or swollen glands, may necessitate stopping this medication temporarily. 

11. Intermittent inhalation of 70 per cent oxygen by Meter mask for 
20 to 30 minutes two or three times daily is of value in diminishing weak 
ness and dyspnea, and improving tolerance to exercise. The decrease in 
pulmonary ventilation aids in lessening the overinflation of the lungs. 

12. Any acute upper respiratory infection, sinusitis or grippe should 
be treated promptly with antibiotics 

In addition to the breathing exercises reported by Livingstone ** and 
abdominal belts **** designed to increase the efficiency of diaphragmatic 
respiration and aid in emptying the lungs more completely, the effect of 
pneumoperitoneum in the management of ambulatory patients with pul 
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monary emphysema has been found helpful in some cases.*******'  Pre- 


liminary studies of pulmonary function and venous pressure following pneu- 
moperitoneum in our clinic have been encouraging, and a decided improve- 
ment in tolerance of activity has been obtained in several patients. Addi- 
tional data on the effect of pneumoperitoneum on the circulation will be 
presented in a subsequent paper.** 

While the determination of the arterial oxygen saturation would serve 
to measure the degree of anoxemia present in the patient with emphysema, 
it is not entirely reliable as a guide for therapy. In clinical practice, many 
of these patients maintain an excessive pulmonary ventilation, with the 
result that the arterial blood is almost normally saturated with oxygen. A 
simpler and more useful test with respect to the efficacy of oxygen therapy, 
in use since 1938,*° is the determination of the pulmonary ventilation while 
the patient breathes air and then 100 per cent oxygen. A fall in the pul- 
monary ventilation, accompanied by relief of dyspnea while breathing oxygen 
over a minute period seems to us a more satisfactory guide to the possible 
benefits of oxygen therapy. 

The following case history has been selected as an example of the clinical 
improvement possible in a patient with severe ventilatory insufficiency due 
to pulmonary emphysema 


Cast Report 


A 55 year old white salesman was admitted to the hospital complaining of short- 
ness of breath of four and one-half years’ duration. For 12 years prior to his present 
illness he had suffered from repeated respiratory tract infections, during the course 
of which expiratory wheezes were occasionally heard. Dyspnea became gradually 
more severe and was accompanied by loss of weight but no cough, chest pain, 
orthopnea or peripheral edema. Three years before his admission, the diagnosis of 
pulmonary emphysema was made. Since then, although temporary relief was ob- 
tained by aminophylline and adrenaline by injection, the course of rapidly incapacitat- 
ing dyspnea was not halted. Fluoroscopy and roentgenogram of the chest revealed 
marked flaring of the ribs, a low fixed diaphragm, increased aeration of both lung 
fields and a small, drop-shaped heart. Vaponefrin and Isuprel by nebulization gave 
temporary relief for the year prior to hospitalization. Activity gradually declined to 
the point where the patient was bedridden. 

At the time of admission to the hospital, this severely dyspneic patient revealed 
a barrel-shaped chest: The respiratory movements were maintained by the upper 
intercostal muscles and the accessory musculature of the neck. The diaphragm was 
motionless. There were loud expiratory wheezes throughout both lungs. The vital 
capacity was 1,270 c.c., and the maximal breathing capacity 8,840 c.c. per minute, or 
9.6 per cent of the expected normal value. The pulmonary ventilation while breathing 
100 per cent oxygen was 34.6 per cent less than the value obtained when breathing 
air (5,720 c.c. per minute on 100 per cent oxygen, 8,750 c.c. per minute on air). One 
hour after breathing 100 per cent oxygen, the carbon dioxide content of the blood 
rose from 60.5 vol. per cent to 72.8 vol. per cent. During that time the pH dropped 
from 7.49 to 7.35. Pneumoperitoneum was induced by introducing 1,200 c.c. of air, 
raising the intraperitoneal pressure to plus 11 cm. of water. He was instructed to 
elevate his diaphragm manually 10 to 12 times, three times daily, and was trained 
in diaphragmatic breathing. The response to this regimen was striking. There was 


eceengreat mn w+ 


a ee Te Owen re 

















622 HYLAN A. BICKERMAN AND GUSTAV ]. BECK 


an increase in the patient's vital capacity to 50 per cent (or 1,820 c.c.) of the expected 
value. The maximal breathing capacity increased to 14,700 c.c. per minute, or 16.1 
per cent of normal. Administration of Vaponefrin caused a further improvement 
in the vital capacity to 2,230 ¢.c. and in the maximal breathing capacity to 20,600 c.c 
per minute (61 per cent and 22.6 per cent of normal respectively). At the present 
time the patient is ambulatory and returns to the office at periodic intervals for refills 
of the pneumoperitoneum. The increase in activity tolerance has been accompanied 
by an optimistic change in the mental outlook 


SUMMARY 


In 21 patients with pulmonary emphysema, a significant fall in the rest 
ing pulmonary ventilation was observed while breathing 100 per cent oxygen 
This decrease in the minute ventilation offered an explanation for the eleva 
tion in the arterial carbon dioxide concentration. Four patients in this 
group exhibited mental changes, accompanied by a marked increase in the 
arterial carbon dioxide tension and an acid shift in the blood pH. Analysis 
of previously published data, as well as the results of our own studies, would 
seem to indicate that respiratory acidosis is the critical factor in the alteration 
in mental function, rather than carbon dioxide retention without acidosis 

These studies confirm the desirability of a program of oxygen treatment 
in which the percentage of oxygen administered is gradually increased over 
a period of a week or 10 days in order to prevent respiratory acidosis and 
mental changes 

Spirographic studies following the oral administration of aminophylline 
indicate that this drug is of value in the treatment of bronchospasm in the 
majority of patients with pulmonary emphysema, provided it is administered 
on an empty stomach. An increase of 45.8 per cent in maximal breathing 
capacity was demonstrated one hour after ingestion in 15 patients. The 
beneficial results of inhalation of nebulized epinephrine, particularly 2.25 
per cent synthetic racemic epinephrine, were confirmed in this study. 

Various technics which tend to decrease overinflation of the lungs were 
described, including manual elevation of the diaphragm, pursed lip and 
diaphragmatic breathing, abdominal belts and pneumoperitoneum 
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PULMONARY MANIFESTATIONS OF MYCOSIS 
FUNGOIDES * 


By Samuet M. Briverars, M.D., and Hyman S. Sternperc, M.D., 
Chicago, Illinois 


Mycosis fungoides is a disease of the reticuloendothelial system. The 
disease manifests itself primarily in the skin, although visceral manifestations 
frequently occur. In 1935 Stuhmer’* wrote: “The complications which ap- 
pear in the lungs in the form of real mycosis tumors generally are not dis- 
covered during life.” We have recently observed four cases of mycosis 
fungoides with the typical skin picture in which pulmonary infiltrations 
were found on roentgen examination. Three of the four cases were verified 
at autopsy. The fourth case had lesions in the lung on roentgen examina- 
tion and clearing of these lesions following treatment with nitrogen mustard 
and radioactive phosphorus. 


Case Reports 


Case 1. A 54 year old white man stated that five or six years previously a large 


scaly brown patch had appeared on the skin of the left anterior chest wall. This 
patch was asymptomatic and remained unchanged for six years. An itching lesion 
of the right anterior thigh then developed which became a tumor and subsequently 
ulcerated. Several dermatologists made a diagnosis of mycosis fungoides and treated 
him with a total of 1,800 r roentgen-rays to the ulcerated lesion of the right thigh 
He then received 100 mg. of nitrogen mustard daily for four consecutive days at the 
Mayo Clinic, with only slight improvement. When seen again at the Mayo Clinic 
two months later, the ulcer on the right thigh had enlarged, and isolated infiltrated 
plaques had appeared elsewhere on the body. He was given a second course of 
nitrogen mustard therapy nine months later without appreciable improvement. A 
nonhealing ulcer of the right thigh was excised and a new lesion appeared at the 
margin of the excised lesion. At this time new infiltrated lesions began to appear 
on the trunk, scalp, face and neck. Histologic examination of several of these lesions 
revealed mycosis fungoides. Roentgen films of the chest at this time revealed bi 
lateral nodular infiltrates compatible with specific pulmonary infiltrates. Radioactive 
arsenic was given intravenously, but this therapy was ineffective and in one month 
the pulmonary infiltrates grew so rapidly that the patient became dyspneic and was 
in acute distress. Deep roentgen-rays of approximately 700 r to the center of each 
lung were given, with dramatic subjective and objective improvement. A_ third 
course of nitrogen mustard was then given, with some improvement, particularly to 
the face lesions. The following month a decrease in the red blood cells occurred 
which required seven transfusions of whole blood. A sternal puncture at this time 
revealed an increase in the number of plasma cells. During the next several months 
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From the Department of Dermatology, Northwestern University Medical School, Chi- 
cago, Illinois, Herbert Rattner, M.D., Chairman; and Hines Veterans Administration 
Hospital, Hines, Illinois, Edward A. Oliver, M.D., Consultant. 

Published with the approval of the Chief Medical Director of the Veterans Administra- 
tion. Statements and conclusions published by the authors are the result of their own studies 
and do not necessarily reflect the opinion or policy of the Veterans Administration. 


625 











ee eee ee ee ee ee 


awn 




















626 SAMUEL M. BLUEFARB AND HYMAN 5S. STEINBERG 


new, extremely painful ulcerative lesions appeared on the scalp, face, neck, eyelids, 
back and anterior hip region 

Physical examination on admission revealed a fairly well developed, moderately 
well nourished man who appeared to be older than his stated age. On the skin there 
were numerous ulcerated lesions of purplish color, varying from several millimeters 
to 1.5 cm. in diameter and covering the entire body, particularly the scalp. There 
was a generalized disseminated formation of pigmented areas, nodules and ulcers 
lhe pigmented areas and ulcers varied in size, shape and configuration. The nodules 
were of a purplish red color, rounded and firm but not hard, and varied from 3 mm 

4 Many of the ulcers were discrete, rounded and punched-out, 


to 2 cm. in diameter 
with a granulomatous base covered with a gray-white necrotic material. Other 





Fic. 1. Case 1, showing bilateral, nodular infiltrates 
ulcers had a detinite rolled border and were crateriform in appearance Chere was a 
pitting edema from the midline of the legs inferiorly, including the ankles and feet 
The chest was symmetrical in appearance. There was a lag on the left side; and 


to percussion was noted on the lateral side of the left chest wall pos 


ome dullnes 
me area the breath sounds were increased, and posteriorly there 


teriorly In the sa 
were small moist rales. The chest appeared to have slightly less expansion on the 
left side Che physical examination was otherwise negative 


Laboratory Examinations 
Urine: Varied from essentially normal to a trace of albumin and 4 to 10 white 
h power field, 4 to 8 red blood cells per high power field, and o« 


1" 


blood cells per hig 


casional waxy and granular casts and a few epithelial casts 
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Blood: 
Red blood cells 3,050,000 to 3,720,000 per cu. mm 
Hemoglobin .. 9.5 to 11.5 gm 
2/15/49 2/17/49 2/23/49 3/1/49 3/7/49 3/10/49 
White blood cells 7,900 17,300 29,950 31,000 
Neutrophils per cent 63 19 92 0 
Lymphocytes 20 7 8 2 
Eosinophils 14 8 0 7 
Juveniles 3 15 0 5 
Monocytes 0) 3 0 0 
Myelocytes 0 4 0 ] 
Band forms 0 44 0 4 
Segmented forms 0) 0 0 82 
Blood platelets 150,000 
Sedimentation rate mm 26 
otal protein 6.1 6.6 6.0 
Albumin 28 2.2 
Globulin 3.1 3.8 
N.P.N 40.0 


Chest X-ray: 2/17/49: “There are blotchy densities scattered throughout all lung 
tields from apex to base. The hilar shadow and linear markings are accentuated 
Fairly large calcific densities are seen along the right bronchial tree towards the base. 
Impression: The appearance of this chest is compatible with a pulmonary spread of 
mycosis fungoides, as reported in the clinical history.” 2/28/49: “When compared 
with the previous examination roentgenogram of the chest reveals an increase in the 
number and size of the blotchy densities scattered throughout all lung fields. In 
addition, there is a homogeneous density somewhat triangular in shape and its apex 
it the axillary margin of the second anterior rib on the left, with its base at the 
diaphragm and heart border. Impression: The pathologic lesions previously de 
scribed have somewhat increased and, in addition, an encapsulated pleural effusion 
has formed in the left chest.” 

Course: The patient developed a progressive, generalized jaundice one week 
before death. The hair of the scalp and eyebrows was almost entirely absent 
Cervical and axillary lymphadenopathy developed. He suddenly manifested con 
fusion and disorientation, and a diagnosis of toxic psychosis was made. Diffus« 
subcutaneous hemorrhages, especially of the arms and forearms, appeared. He died 
one month after admission to the hospital. 

Autopsy: Anatomic diagnoses (including histologic findings): (1) Mycosis 
fungoides, primary in the skin, with involvement of the lungs, liver, testes, stomach 
mucosa, spleen, bladder mucosa, pancreas and bone marrow.. (2) Prostate, adeno 
matous hypertrophy. (3) Simple cyst of liver 

Lungs: On cut section of the lung, there are numerous nodules throughout the 
ung tissue which are discrete and vary in size from 7 mm. to 2. cm. They cut very 
hard and on cut section are yellowish gray 

Histology: Lung: Section shows one area whizh is not involved with infiltration 
in which the alveolar septa are very thin. Immediately adjacent to this there is an 
area of infiltration with very pale staining eosinophilic epithelioid-like infiltration 
containing numerous cells, called mycosis cells. The area immediately adjacent to 
this shows almost complete hyaline degeneration 

Case 2. A 58 year old white man stated that he had been well until 15 months 
previously, when his “bladder stopped up.” He was treated with prostatic massage 
ind sulfanilamide tablets. Two months later he noted flat red spots about the knees, 
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which rapidly spread to involve other areas and became generalized in two months’ 
time. Some of these lesions were thickened and scaling and others formed nodules. 
The eruption had been nonpruritic. A physician then told him that he had “change 
of life,” and treated him with hormones. He had noted weakness and malaise for 
five months, with hoarseness and difficulty in breathing for the past four months 
There had been extreme weakness, malaise and pain in the joints of the fingers and 


Fic. 2. Typical mycotic cells in lung tissue 


toes for the past five weeks. He had been hospitalized a month previously, and 
treatment had consisted of two blood transfusions and streptomycin—about 20 in- 
jections, according to the patient. 

On admission the patient appeared to be seriously ill. He seemed somewhat 
lethargic and had extreme hoarseness and difficulty in phonation. There was also 
marked edema of the face, foreskin and scrotum, sacral area and upper and lower 
extremities. There was a generalized florid skin eruption, most marked on the ex- 





PULMONARY MANIFESTATIONS OF MYCOSIS FUNGOIDES 629 


tremities and face. The lesions were in all stages of evolution and involution, some 
being superficial, erythematous scaly plaques, some more infiltrated, and others 
rubbery, deep-seated nodules from bean to walnut size. There were gray-brown 
macules at the sites of preexisting lesions, and scattered capillary telangiectases on the 
front and back of the thorax. The buccal mucosa, soft palate and uvula showed 
several crateriform ulcers measuring up to 5 mm. in diameter and 3 to 4 mm. deep 
The anterior borders of the tongue were red and somewhat denuded. 

Examination of the lungs revealed some questionable dullness over the right 
upper lung fields. There was a generalized lymphadenopathy, most marked in the 
axillae. 


Laboratory Examinations 


Urine 
Albumin . . Trace to 3 plus 
Microscopic ...... .Few white blood cells and occasional red blood cells 
Blood: 
He moglobin : ..14.5 gm. 
Red blood cells . . .5,460,000 to 3,200,000 per cu. mm 
White blood cells .. 15,000 to 46,000 per cu. mm. 
Neutrophils . ..91 per cent 
Lymphocytes .. 7 per cent 
Monocytes .. ... 2 per cent 
otal protein , -Consistently low 
AG ratio .. . .Reversed 
Sputum Many examinations negative for acid-fast organisms 
CThymol turbidity .. ; .- 10 units 
Alkaline and acid phosphatase. ..Normal 
Serum bilirubin ...... Less than 0.5 


Sternal Marrow: “Marrow is of average cellularity. The distribution of granu- 
locytes and nucleated red appears normal. The neutrophils display marked toxic 
granulation. There are an unusual number of macrophages—significance unknown 
Careful search of two slides revealed none of the so-called ‘lupus erythematosus’ 
cells.” 

X-ray of Chest: “The chest shows evidence of pulmonary infiltration. There is 
a small area of pleural fibrosis in the right apex, and thickening of the interlobar 
fissure on the right.” 

Surgical Biopsy: Lesion of left chest. The diagnosis was mycosis fungoides 

Treatment: Treatment was mainly supportive. He was given steam inhalations 
three units of plasma, 500 c.c. of whole blood, crystacillin, 300,000 units intramus 
cularly every 12 hours, and vitamin E 

Course: After admission the patient’s condition remained essentially unchanged 
except that the edema had increased and the red and white blood cell counts had 
decreased. There was respiratory obstruction, but examination of the larynx re 
vealed that the epiglottis was normal and the pyriform sinuses were clear, with 
moderate edema of the arytenoid and marked edema of the false cords. The cords 
were uneven and covered with a white exudate. There was a small uneven nodule 
in the interarytenoid space. The airway was adequate. The patient developed a 
bloody diarrhea, and the respirations became more rapid and shallow and the pulse 
rate increased. He died 20 days after admission to the hospital. 

Autopsy: Anatomic diagnoses (including histologic findings): (1) Generalized 
mycosis fungoides (lymphoblastosis) of the skin, liver, lung, adrenal, lymph nodes. 
(2) Multiple benign polyposis of descending colon. (3) Adenocarcinoma of the 


descending colon 
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Histology 


Skin: The section through the skin revealed a somewhat increased amount of 
keratinization. The epithelial layer was infiltrated with large cells having clear 
cytoplasm and nuclei that are darkly staining. The cells ranged from dark round 
cell types to those of larger epithelioid character. Mitotic figures were only occa 
sionally seen. In the deeper layers, nests of the same type of cells were seen around 
the sweat glands and blood vessels. In a few areas these cells were seen invading 


Lymphoblastic (mycosis fungoides) infiltration in the lung 


the lumen of the blood vessels. The larger cells resembled “mycosis cells.” /mpres 
sion: Mycosis fungoides 

Lung: The microsection revealed an extreme amount of congestion completely 
filling many alveolar spaces with serous exudate containing round cells, polymor 
phonuclears, and macrophages. There was also an increased hyperemic reaction 
\ number of alveolar spaces were distended and gave the appearance of compen- 
satory emphysema. Around some of the smaller vessels, sheets of immature round 
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cells were collected. /mpression: Bronchopneumonia of the lung with lymphoblastic 
infiltration 

Colon: The mucosa was polypoid in 
gorged and the nuclei small and vesicular. An increased number of lymphocytes 
were seen between the glands. Throughout the submucosa there were many ana- 
plastic epithelial cells arranged in acini, several of which contained mucus. Several 
other sections revealed benign polyposis formation. /mpression: Adenocarcinoma 


character Ihe mucous glands were en 


of the sigmoid colon. Multiple polyposis 

Comment: This case is of further interest in that there was an associated adeno 
carcinoma of the colon. The association of carcinoma and mycosis fungoides is not 
common 

Case 3. A 51 year old white man was admitted with a diagnosis of mycosis 
tungoides. The past history revealed that 14 years previously he had developed a 
chronic, intermittent pruritus of the back. However, no lesions were noted until 
eight years later, when red blotches appeared on the right flank which increased in 
number and distribution. A biopsy was reported as showing mycosis fungoides 
He was treated by a dermatologist with superficial roentgen-ray therapy and Asiatic 
pills for the next four years. He was then given treatment at several institutions 
with various medications, including nitrogen mustard. 

Physical examination revealed a well nourished, ambulant and not acutely ill 
man. On the skin were many elevated, plaque-like erythematous lesions of the neck, 
trunk and extremities. The lesions tended to be discoid, with some tendency towards 
confluence, and the formation of bizarre configurations. Palpation of the lesions 
revealed them to have very definite tumor-like consistency. At times these lesions 
tended to break down and form weeping lesions with some crusting. The skin 
lesions were compatible with the admitting diagnosis of mycosis fungoides. There 
was a purulent lesion on the medial aspect of the right lower lid, with small plaque-like 
infiltrate. This granulomatous lesion was about 6 to 7 mm. in diameter nasally, and 
was considered to be mycosis fungoides of the right lower conjunctiva. The re 
mainder of the physical examination was essentially negative 


Laboratory Examinations 
rine: “Usually negative except for an occasional | plus albumin 


Blood 


Hemoglobin : ..""Within normal range” 

Red blood cells .... .3,000,000 to 4,500,000 per cu. mm 

White blood cells .. - 10,000 to 12,000 per cu. mm 

Differential counts “Normal except for an eosinophilia up to 26 per cent” 


Chest X-ray: Roentgenogram of the lung showed increased markings of the lung 
fields. There was “increased infiltration in the pulmonary fields.” 

lreatment: Generally supportive, and mainly directed against the pruritus; it 
consisted of skin lotions, occasional small blood transfusions and superficial roentgen 
ray therapy to the involved areas of the skin. Deep x-ray therapy was later given 
but resulted in no marked improvement in the condition. 

Course: The patient’s course was downward. He became weak and had a pro 
gressive fever, and died 10 months after admission 

Autopsy: On gross examination there was widespread brown pigmentation of the 
skin, which was diffuse but in some areas darker, forming a net-like appearance. In 
addition, over the entire skin surface there were small, thickened, excoriated patches 
of skin, some of which were hemorrhagic, some ulcerated and some crusted. They 
varied from 2 or 3 mm. to | cm. in diameter, and were mainly on the forehead, cheeks, 
neck, forearms, trunk and lower extremities. Except for an occasional axillary and 
inguinal node, there was no significant lymphadenopathy 
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Lungs: On section through the lung parenchyma, a severe degree of congestion 
was noted in the lower lobes and patchy areas of consolidation all through the 
parenchyma of the lower lobe. The outline of these areas was irregular and up to 
1 cm. in the greatest diameter 


Histology 


Lung: Section from a lower lobe showed a marked degree of congestion which in 
a large circumscribed area was so intense that the process appeared to be a hemor- 
rhagic infarction. The alveoli were completely filled with laked red blood cells, and 
the septal walls between alveoli were fairly recognizable. Nuclear structures were 


Fic. 4. Case 3. Increased markings in the lungs due to pulmonary infiltration of 
mycosis fungoides 


missing in these areas rhe periphery of these areas of infarction revealed a recog- 
nizable pattern. The alveoli elsewhere were filled with a pink-staining edema fluid 
and occasional macrophages and a marked vascular infiltration composed of round 
cells 

Skin: Microsection from an ulcerated cutaneous lesion showed thinning of the 
covering epithelium, apparently due to invasion by a heavy infiltration of round cells 


which completely filled the upper layers of the corium. The skin surface was partially 


ulcerated and covered by a granular debris of fibrinoid material and disintegrating 
cells. The underlying tissue was heavily infiltrated with round cells identical to those 
underlying the intact epithelium. In the deeper layers of the corium, remnants of 
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sweat glands and blood vessels were seen, and there was a conspicuous perivascular 
infiltration consisting of lymphocytes. These lymphocytes were also cuffed about 
sweat glands. ‘wo or three giant cells were seen, similar to those described in somx 
of the lymph nodes and consisting of an oval mass of basophilic staining cytoplasm 
with two or three eccentrically placed nuclei. These were seen in the corium. The 
corium was quite vascular, due to an increase in small blood vessels and capillaries 
rhere was a sharp line of demarcation between the corium and the underlying con 
nective tissue, and the cellular infiltration was confined to the corium and epithelial 
layers 

Case 4. The patient was a 33 year old white man whose past history revealed 
psoriasis since the age of three years; for the past four or five years, occasional ulcers 
had appeared in the psoriatic lesions. Increased pigmentation of the entire body 
had begun to appear one and one-half years before. He consulted a dermatologist, 
who made a diagnosis of psoriasis. Infiltrated plaques developed in the psoriatic 
lesions and a biopsy showed mycosis fungoides. He was treated for three days with 
nitrogen mustard therapy but the condition did not improve. He developed a leuko 
penia, and new fungating, ulcerating lesions of mycosis fungoides continued to appear 
[he patient was given ultra-violet irradiation and showed marked improvement 
However, numerous fungating, ulcerating lesions again appeared, and there was no 
response to adequate roentgen-ray therapy. Examination of the sternal marrow and 
lymph node biopsy gave normal findings at that time. There had been a weight 
loss of 27 pounds in the past five weeks. He had a cough with expectoration two 
months previously, but this had cleared up after about one month. Other pertinent 
finding in the past history was a peptic ulcer of three years’ duration 

Physical Examination: The skin showed generalized deep pigmentation, some 
what mottled and with a bluish tinge. There was no particular difference in the 
pigmentation on the exposed or covered parts of the body. There were psoriasiform 
lesions with thin, silvery, loosely attached scales on an erythematous base, with little 
or no infiltration, on the extremities and trunk. The lesions were not limited to the 
extensor surfaces. They were from coin to palm size. On the forehead, trunk and 
extremities were coin-sized, circular, fungating lesions with a keratotic surface. On 
the shoulders, sternocleidomastoid region, back, pelvis, thighs, knees and legs, par 
ticularly on the left hip and right forearm, were larger arciform, circinate, irregularly 
shaped infiltrated areas, some of which were ulcerated exposing a purulent pink base. 
These punched out ulcers were sharply marginated and from 4 to 8 mm. deep. 

Examination of the lungs revealed soft coarse rales over the upper one-third 
interiorly and posteriorly. Examination of the abdomen disclosed deep tenderness 
about the umbilicus. There were varicosities of the right scrotum and of both legs 


Laboratory Examinations 


Blood Count: 7/28/50 8/28/50 9/11/50 

Red blood cells 4,900,000 4,120,000 4,080,000 

Hemoglobin habia eid 14.1 13.0 12.5 

White blood cells . 6,950 11,500 9,100 
Polymorphonuclears 1% 2% 
Segmented ; 73 70 
Eosinophils 2 4 
Basophils ' 0 0 
Lymphocytes .. 18 23 
Monocytes , 6 0 
Toxicity Plus 

Sedimentation rate 40 30 


Blood platelets = 359,920 326,000 


NG CLAS ate 


Per 
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Bone Marrow. “Normal bone marrow.” 
luberculin | est 


0005 mg. PPD (Second strength) 
0.1 cc. 1: 1,000 Histoplasmin 
0.1 ec. 1: 100 Coccidioidin 


Negative 
Negative 
Negative 


X-ray Examinations: 7/28/50: Questionable shadow 


in left first interspace 
Mediastinum not enlarged. 7/31/50 


Small rounded areas of increased density in 
left lung level of the first rib, fourth rib and in right upper lung field. 
as possible leukemic infiltrates. 8/28 50: Rounded 
9/11/50: Chest improved since previous examination 

indistinct. 9/20/50 


Interpreted 
areas in chest unchanged 
Definite densities present but 
Further improvement since last examination 





Small rounded parenchymal infiltrates scattered through both lung fields 
Treatment: ACTH was given for four days, 25 mg. four times daily. Nitrogen 
mustard was given for four consecutive days, one ampule in 500 c.c. saline. This 
treatment produced nausea. Two treatments with P** were given, the first of 4 mc. 
ind the second of 4.29 me. No benefit was noted so far as the skin lesions were 
concerned. Cortisone was given for a period of 14 days, starting with 50 mg. daily 
and increased until 200 mg. were given on the last day. This treatment was felt to 
be of definite benefit to the skin lesions, and was supplemented by ultra-violet ir- 
radiation to selected areas. All the areas improved 
Course: The patient ran an intermittent tever with daily afternoon rise in tem- 
perature throughout the hospital stay, except while on cortisone therapy and for a 
short period thereafter. The skin lesions did not respond to ACTH, nitrogen mus- 
tard or P**, but did improve while on cortisone and ultra-violet irradiation 





PULMONARY MANIFESTATIONS OF MYCOSIS FUNGOIDES 


7 


Regression of pulmonary lesions after treatment with radioactive phosphorus 
and nitrogen mustard 


omment: This case is of interest for two reasons. First, the association ot 
psoriasis with mycosis fungoides and, second, the response, as demonstrated by roent 
gen examination, of the pulmonary lesions to nitrogen mustard and_ radioactive 


phosphorus 
COMMENT? 


Following Paltauf’s* review of mycosis fungoides in 1909, the beliet 
that involvement of the internal organs was rare became widely accepted 
rhis view is emphasized in current publications and textbooks, although 
complete review of the subject would confirm the fact that there is no basis 
for this opinion, according to Berman.* Twenty-two proved cases showing 
involvement of the internal organs reported from 1895 to 1927 were collected 
by Liechti.*. He reported two additional cases, and concluded that Paltauf’s 
dictum was erroneous. Seventy-four cases were studied by Sequeira,° who 
concluded that involvement of the internal organs was common. The re 
ports of 60 cases of mycosis fungoides recorded from 1928 to 1938 were 
collected by Berman.* While autopsy was done in only 30 per cent of the 
cases, it is notable that in 16 of the 18 cases examined there was involvement 
of the internal organs. The spleen, liver and lungs were the organs most 
frequently involved, while the intestines were involved in five cases and the 
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adrenals in four cases. It was Berman's conclusion that involvement of 
the internal organs in mycosis fungoides is the rule rather than the exception. 
Chis is in agreement with Curtis, who stated that in each of 10 cases of 
mycosis fungoides in which autopsy was performed he was able to show 
that the disease had not been cutaneous alone but had involved many in 
ternal organs. Support is given Cottini’s* view that the unknown factor 
causing the different aspects of mycosis fungoides acts electively on the 
reticuloendothelial system, and is capable of provoking the diffuse and gen 
eralized picture of the systemic form as well as the circumscribed localized 
manifestations familiar to dermatologists 

rhe first writer to mention involvement of the lungs in association with 
mycosis fungoides was Breakey * in 1902. In a case reported by Roman,” 
histologic examination of the lung nodules revealed the cells to be so crowded 
together that the lung structure was unrecognizable. This is similar to 
uur third case reported here. Detailed reports of two cases of mycosis 
fungoides with very extensive visceral involvement were recorded by 
Paltauf and von Zumbusch.’® Both cases showed involvement of the lungs 
with tumors of mycosis fungoides. The roentgenologic changes in mycosis 
fungoides were first described by Kuznitsky."" He termed his findings 
“speckled streakings” or “implied streakings.” The lung changes in his 
case were not demonstrable clinically, but roentgenologically showed changes 
similar to those in Boeck’s sarcoid. In two cases the lung changes were 
marked. There was a shadow over the lung area, the apices were clear 
and there was accentuation of the bronchial tube shadows. There was no 
evidence of inflammatory change. The von Pirquet test was negative. 
rhirty-one cases of mycosis fungoides with roentgen-ray findings were 
collected from the literature up to 1940 by Werth.** In most of these cases 
it was merely stated that “streaking” of accentuated hilar markings was 
present. He added two of his own cases in which roentgenograms were 
repeated after one year. In both cases the hilar shadows were enlarged, 
ind extending from these regions into the lungs were linear and spotty 
shadows. Reéxamination revealed accentuation of the signs in both cases 
Since the picture suggested Boeck’s sarcoid, material from the tumors was 
inoculated into guinea pigs and rabbits, with negative results 

Other cases of pulmonary involvement in mycosis fungoides include that 
of Kovaes His patient was an 18 year old girl who developed mycosis 
fungoides at the unusual age of 11 years. She presented severe cutaneous 
manifestations and typical pathologic and histologic lesions in both lungs 
which were proved roentgenologically five months before death. The 
diagnosis was confirmed at autopsy. A case of mycosis fungoides with 
metastases as polymorphous cell sarcoma and involvement of the lungs was 
reported by Hemmingson."* Berggren ** found pleural involvement in two 
cases and lung involvement in two cases in a total of 48 cases of mycosis 
fungoides. A case reported by Arzt ** showed roentgenologic pulmonary 
findings which were interpreted as mycosis fungoides nodules. The case 
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described by Howles and Connell" exhibited diffusely distributed nodules 
on the surfaces of both lung lobes; the larger nodules measured 4 cm. in 
diameter and were of a deep red color, vascular and very friable. Autopsy 
specimens of a skin nodule from the abdominal wall and one from a metas- 
tatic lung lesion proved to be identical histologically. The lung was invaded 
by nodular formation without complete destruction of the alveolar wall, 
which is, however, usually seen in the advancement of malignant growths. 
In this case, the tumor seemed rather to infiltrate and widen the interalveolar 
spaces. A boy, aged 17 years, is reported by Portnoy.** He was well until 
one month before examination, when he noted a “lump in the skin’’ over the 
upper part of the sternum. It was first pink in color, and the patient be- 
lieved the lesion was “going to be a boil,” but in a week the color had be- 
come darker and the size had increased. Similar swellings, which under- 
went the same changes as the original sternal tumor, then appeared over the 
entire body, excepting only the arms, soles and scalp. The case was re- 
markable for the rapidity of the fatal course. The masses demonstrated in 
the lungs were presumed to be secondary deposits. The first case of Godel * 
was a 39 year old man in whom mycotic lesions were found in the lungs, 
pleura, mediastinum, tracheal mucosa, epicardium, soft palate, skeletal mus- 
culature and lymph nodes at autopsy. The second case reported by Paltauf 
and Scherber * was a 30 year old woman in whom mycotic infiltrations of 
the lung, heart, walls of the stomach and uterus and right oculomotor, tri- 
geminal and femoral nerves were demonstrated at autopsy. The most com- 
plete publication regarding the roentgen-ray findings was that of Greifen- 
stein." His case was the first published with roentgen-rays, and he de- 
scribed the findings as “many almost round coarsely speckled shadows.’ 
The diagnosis was confirmed at autopsy. 

Che typical roentgen-ray picture of mycosis fungoides of the lungs is 
summarized by Werth * as follows: The lesion begins with hilar enlarge- 
ment, which is not characteristic, followed by spreading of the affection along 
the vessels and manifested roentgenologically by increased streakings. Later 
tumorous changes occur, small nodules appearing along the vessels and 
bronchi so that the picture resembles bronchopneumonia or lymphangitis 
carcinomatose. These changes are characteristic in that the apices remain 
free until the end, markedly different from the picture seen in tuberculosis. 
Paltauf * was the first to demonstrate the initial symptom of organic mycosis 
fungoides as being perivascular. Unna * discovered that the lungs, while 
appearing normal on macroscopic examination, showed marked perivascular 
changes when examined microscopically. He considered these changes to 
be early mycosis fungoides, and Bennek ** confirmed this by similar findings 
in other organs. These increased perivascular changes appear as ever- 
increasing streakings, according to Werth.** We know that lung involve- 
ment is always associated with a generalized lymph node involvement. One 
must imagine the path of infection as follows: The infectious agent enters 
the blood stream through the skin, lungs, etc., is caught in the lymph nodes 
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and does not enter the lungs until the breakdown of the hilar lymph nodes. 
This is confirmed by the fact that there is in all cases a hilar swelling, and 
that the apparent beginning of the lung involvement is observed near the 
hilus, according to Martinstein.** It is interesting that the lung findings 
closely parallel those of Boeck’s sarcoid, and that in both diseases there is a 


positive anergy to the tuberculin test 


SUMMARY AND CONCLUSIONS 


Little consideration has been given to the possibility of lung involvement 
in mycosis fungoides. The literature on mycosis fungoides rarely mentions 
lung roentgenograms, so it can be assumed that few films are taken of pa 
tients with mycosis fungoides or that there are no positive findings. 

We have reported four cases of mycosis fungoides in which pulmonary 
lesions were demonstrated on roentgen examination. In three of the four 
cases this was verified at autopsy. The fourth case showed clearing of the 
pulmonary pathology following nitrogen mustard and radioactive phos 
phorus 

In one (case 2) there was an associated adenocarcinoma of the colon 
In case 4 the patient had psoriasis in addition to mycosis fungoides 
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CASE REPORTS 





AURICULAR INFARCTION: REPORT OF TWO CASES * 


By Antuony J. D1 Iecst, M.D., Harry A. Prnsxy, M.D., and Harovp K. 
Eynon, M.D., F.A.C.P., Camden, New Jersey 


Tue subject of atrial infarction has been recently reviewed by H. K. Heller- 
stein.' We are presenting two cases of auricular infarction which are of in- 
terest in several respects. One patient developed an infarct in the posterior 
wall of the right auricle, with mural aneurysm formation, resulting in dysphagia 
and eventual cardiac tamponade. In the second case, an elevation of the P-Ta 
segment was noted in the patient’s electrocardiogram. The only other case 
we have been able to find in the literature showing the same electrocardio- 
graphic finding was the case reported by H. K. Hellerstein in the September, 
1948, issue of the American Heart Journal.’ This elevation of the P-Ta seg- 
ment in Leads II and III is similar to the elevation of the S-T segment observed 
in these leads in recent ventricular infarction. Although neither of these cases 
was diagnosed ante mortem, auricular infarc ion was suspected in both, par- 
ticularly in the latter case. 


Case Reports 


Case 1. A 67 year old white male was admitted to West Jersey Hospital on 
April 23, 1949, with the chief complaint of dyspnea and weakness. For two months 
previous to his admission the patient had been complaining of dyspnea with mild 
exertion and marked sweating. On the day of admission he experienced marked 
“tightness” in the precordial area, associated with dyspnea, sweating, weakness and 
collapse. Nausea and vomiting were also associated with the continuing precordial 
distress. 

His past history included an episode of “rheumatism,” which was considered 
mild, at the age of 31, and an attack of right-sided pleurisy in 1948. His habits 
were good and the remainder of the history was noncontributory. 

On admission the patient presented the picture of an acutely ill, obese, dyspneic 
male. His blood pressure was 90 mm. Hg systolic and 60 mm. diastolic. Pulse 
rate was 112, and weak in volume. Respirations were 26 and somewhat labored. 
lhe pupils were equal and reacted to light and accommodation. There was no neck 
vein distention. The heart sounds were normal, and there were no audible murmurs. 
Ihe lungs were resonant. All peripheral pulses were palpable. The liver, kidneys 
and spleen were not palpable. The hemoglobin content was 13 gm., the red cell 
count 4,200,000, and the white cell count 8,000. The sedimentation rate was 8 mm. 
in 60 minutes; the prothrombin time was normal. The urine showed a trace of 
albumin 

A diagnosis of acute myocardial infarction was made clinically, and the patient 
was treated with oxygen, papaverine, Dilaudid, aminophylline and Dicumarol. The 
electrocardiogram on admission was suggestive of a small posterior wall myocardial 


* Received for publication October 7, 1950. 
From the Department of Medicine, West Jersey Hospital, Camden, New Jersey. 
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infarction. The patient responded well except for a bout of hematuria four days 
after the inauguration of Dicumarol therapy. Dicumarol was permanently stopped 
and there was no return of urinary bleeding. An electrocardiogram taken on April 
24 (figure 1) was reported as showing evidence of a disease state of the auricular 
myocardium. On May 18 the patient was discharged as improved after having spent 
26 days in the hospital. 

This patient was at home for an interval of seven weeks. He responded very 
slowly, and when seen on June 30 1949, was in cardiac decompensation. He was 
digitalized on that day and given an injection of a mercurial diuretic. Three days 
later he started to cough and to expectorate bright red blood. He complained this 
time of malaise, anorexia, nausea and vomiting. The hemoptysis became worse and 
the patient was readmitted to the hospital on July 9 

On his second admission, the blood pressure was 104 mm. Hg systolic and 86 
mm. diastolic, pulse 92, respirations 22, and temperature 98.6° F. The entire left 
chest showed numerous coarse rales and many rhonchi, both anteriorly and posteriorly, 
and especially over the left apex. The right chest was essentially negative except 
for some emphysematous change. The heart was not enlarged clinically. There was 
a Grade | blowing systolic murmur at the aortic area with transmission into the 
vessels of the neck, and a grade II systolic murmur at the apex transmitted to the 
left axilla. The force, rate and rhythm were normal. The liver was palpable 3 cm 
below the right costal margin and was somewhat tender. The spleen and kidneys 
were not palpable. There was no evident peripheral edema. “X-ray of the chest 
showed right-sided cardiac enlargement with posterior extension. The aortic arch 
was prominent and there was extensive mottling of the entire left lung, more marked 
in the upper and midpositions, as well as coarse mottling at the right lung base.” 
\ diagnosis of coronary heart disease with congestive heart failure and pneumonitis 
of the left lung was made. The patient's treatment included Digoxin, aminophylline, 
penicillin, streptomycin, aureomycin and Synkamin, together with repeated trans 
fusions 

In spite of vigorous treatment, the patient's hemoptysis persisted and he con 
tinued to move steadily downward. The hemoglobin, which was 9.5 gm. on admis 
sion, dropped to 5.6 gm. within a week despite repeated transfusions; 8,500 c.c. of 
whole blood and 500 c.c. of blood plasma were given during the illness. A battery 
of hematinics was also given, but it was never possible to raise the hemoglobin above 
10 gm. All blood chemistry studies and sedimentation rates remained within nor 
mal limits. The venous coagulation time was three minutes, the bleeding time one 
and one-half minutes. 

An electrocardiogram taken at the second admission was essentially the same as 
the previous tracings except for the presence of digitalis effect 


On August 2, 1949, seven days before the patient's demise, he complained of 
dysphagia for solid foods. It was felt that the patient’s general asthenia was re- 
sponsible for this complaint, but as this dysphagia became progressively worse an 
extrinsic obstruction dve to aneurysmal dilatation was considered. Roentgen-ray 
studies were ordered for August 10. On August 9, the patient suffered a sudden 
severe attack of dyspnea associated with. dull aching* pain in the right lower chest 
and marked sweating with a cold and clammy skin. Blood pressure was 90 mm. Hg 
systolic and 40 mm. diastolic; pulse was 112, and almost imperceptible. Respirations 
were rapid, shallow and labored. It was felt that this patient had had a massive 
pulmonary embolism, and oxygen and other measures directed toward its treatment 
were immediately instituted. The patient failed to respond, and died four hours after 
the onset of the acute attack. 

Necropsy Findings: Patient was an obese, elderly white male with an emphy 
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sematous type of thorax, facial cyanosis and moderate icterus, but with no visible 
evidence of edema. The pleural spaces were obliterated by moderately dense fibrous 
adhesions. The lungs were normal in shape and contour, and of a deep plum color 
rheir consistency was markedly increased. On cut section, the parenchyma appeared 
dark red and hemorrhagic; there were multiple pulmonary emboli filling practically 
the entire vascular tree of both lungs. The right lung weighed 1,280 gm., the left 
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Fic. 1. Case 1. Note complete negativity of the P wave in Leads II, III, Vs and V«. 
P, is essentially isoelectric, and what appears to be a P wave in this lead is actually a U 
vave The P wave abnormality as seen here was present in all of the tracings taken of 
this patient during his three and one-half months’ illness 
1.220 gm. The pericardium contained about 300 c.c. of free fluid blood, and was 
adherent to the reflections of the great vessels to the right auricle and to the apex 
The right auricle was markedly dilated, extending superiorly 
closer examination it seemed to have formed an aneurysmal 
Cut section revealed a large, 


of the left ventricle 
and posteriorly. On 
sac with multiple smaller component berry-like sacs 


partially laminated mural thrombus filling the entire right auricle, auricular ap- 
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pendage and the smaller accessory dilatations described above. The superficial pot 
tions consisted of fluid blood which appeared to be leaking out through the small 
berry-like aneurysms. The endocardium and myocardium were mottled yellow, 
thrush-breastlike, and somewhat friable. The coronary vessels were markedly 
sclerotic throughout but with no specific thrombosed area observed. The heart 
weighed 550 gm. Examination of the esophagus showed no significant findings 
However, the stomach wall was somewhat hyperemic and even hemorrhagic. No 
bleeding zones were observed. The liver weighed 2,250 gm. and appeared normal 
in shape and contour; it was yellowish-brown and studded with dark hemorrhagic 
spots, some of which showed central umbilication. On section, the portal vessels 
showed multiple thrombi loosely adherent to the intimal surfaces. The spleen 
weighed 650 gm. and externally appeared deep purple. On cut section, the paren- 
chyma appeared deeply congested and the pulp scraped with ease. The right 
kidney weighed 150 gm. and the left 190 gm.; the capsules stripped with ease, leaving 
a dusky red, finely granular surface. On section, the ratio of cortex to medulla 
was somewhat decreased. The vessels of the boundary zone were moderately 
prominent. The remaining abdominal organs showed no significant pathologic 
changes. 

Microscopically, sections of the lungs showed considerable hemorrhage in the 
alveolar spaces, with thickening and congestion of the alveolar walls. The pulmonary 
arteries and arterioles were filled with thrombi, some of which were undergoing 
recanalization. The remaining pulmonary parenchyma showed marked serous 
exudation into the alveolar spaces. Fatty changes were noted throughout the 
ventricular endocardium. There was marked narrowing and‘ subintimal cholesterol 
deposition in the coronary vessels. The medial coat also showed fibrosis and re 
duplication of the elastic lamella. No vascular thromboses were seen. 

The right auricular endocardium was markedly necrotic; the individual myo 
cardial fibers were indistinct; there was loss of cross-striations, with infiltration oi 
polys and lymphs throughout. A large laminated hyalinizing thrombus was attached 
to the endothelial surface and appeared to be undergoing organization. 

The liver contained multiple areas of hemorrhage and necrosis, with loss of 
cellular outline. In some regions, well-demarcated from adjacent hepatic tissue, 
there was an infiltration of fibrous elements and mononuclear cells. Many hepatic 
cells contained a deep-brown pigment, probably hemosiderin. The spleen showed 
marked congestion of the sinusoids, with atrophy of the Malpighian bodies. The 
central arterioles were narrowed and showed sclerotic changes. Similar changes 
were seen in the arterioles and arteries of the kidneys. The collecting tubular epi- 
thelium showed marked cellular edema and loss of nuclear detail in many areas, 
somewhat suggestive of a lower nephron destructive process. Sections of the prostate 
showed a well defined nodular hyperplasia. There was moderate lipoidal depletion of 
the adrenal cortices. The pancreas showed some fatty infiltration. 

Final pathologic diagnoses were: (1) Coronary sclerosis, marked, right posterior 
descending and left anterior descending arteries. (2) Right auricular infarction. 
(3) Right auricular aneurysm, with multiple concomitant berry-like aneurysms. (4) 
Cardiac tamponade. (5) Mural thrombus formation, right auricle and appendage 
(6) Pulmonary embolism, multiple, with bilateral pulmonary infarction. (7) Portal 
thrombosis, with associated multiple hepatic infarctions. (8) Chronic passive con- 
gestion of the liver, lungs and spleen. (9) Necrobiosis involving renal tubules, 
etiology unknown. (10) Fatty changes in liver, lungs and spleen. (11) Icterus, 
moderate. 

Case 2. A 69 year old white male was admitted to West Jersey Hospital on 
October 28, 1949, with the chief complaint of an oppressive sensation in the epi- 
gastrium. An hour previous to admission, the patient had experienced a “heavy,” 


ee eee ee ee 

















644 ANTHONY J. DI IELSI, HARRY A. PINSKY, AND HAROLD K. EYNON 


oppressive, dull, gnawing ache in the epigastrium, which quickly radiated to the 
precordium and thence to the medial surface of the left arm. Attendant findings 
were dyspnea, cyanosis and collapse. The patient was promptly brought to the 
hospital 

The past history was not contributory except for urinary symptoms during the 
previous year, suggestive of prostatism. His habits were good 

On admission, the patient presented a picture of an acutely ill, dyspneic, elderly 
white male, in shock and sweating profusely. His blood pressure was 68 mm. Hg 
systolic and 48 mm. diastolic. Pulse rate was 48 and weak in volume. Respirations 
were 32 and labored. ‘lhe temperature was 98° F. rectally. 

rhe pupils were equal and reacted to light and accommodation. There was no 
distention of the neck veins. The heart was clinically negative, except for the 
presence of a bradycardia. The lungs appeared clear; the chest was emphysematous 
rhe liver, kidneys and spleen were not palpable. There was no peripheral edema 
Rectal examination revealed a Grade III prostatic hypertrophy, with suspiciously 
hard nodularity of the right lobe. 


A diagnosis of acute myocardial infarction was made. Electrocardiographic 
findings (figure 2) were confirmatory and showed changes diagnostic of the early 
phase of a recent posterior wall myocardial infarction. An associated auricular in- 
farction was also suspected electrocardiographically. The patient was treated with 
oxygen, papaverine and Dilaudid, and dicumarolization was started. Anuria de- 
veloped, however, and shock deepened. Treatment directed towards relief of the 
anuria failed; the patient gradually became comatose and died two days after admis 
sion 

Necropsy Findings: Patient was a very obese, 69 year old white male with no 
external marks of trauma, edema or jaundice. Examination of the pleural cavity 
revealed rather dense fibrous adhesions at the apex of the right lung. There was a 
minimal amount of fluid present in both pleural cavities. The thorax and viscera 
were in their normal relationships. The lungs showed marked acute passive con 
gestion at the bases, with edema in both upper lobes. The right lung weighed 
560 gm. and the left lung 550 gm. The pericardium revealed a minimal amount 
of fluid (40 ¢.c.) There were strands of fibrin on the surface of the heart and peri 
cardial cavity. A fibrinous exudate with several areas of hemorrhage was observed 
on the posterior wall of the left ventricle near the septum. ‘The heart was enlarged, 
with associated left ventricular hypertrophy. There were minimal sclerotic changes 
in the mitral and aortic valves. The right auricular appendage was hyperemic, and 
a mural thrombus was attached to its wall. An acute myocardial infarction, char 
acterized by necrosis, hemorrhage and loss of normal myocardial pattern, involved 
the posterior wall of the left ventricle, right auricle and the septum. The coronary 
arteries were opened by multiple transverse section, showing the circumflex branch 
of the left coronary artery to be occluded by a thrombus and an atheromatous plaque 
about 2 cm. from its origin. The heart weighed 450 gm. There was a minimal 
amount of fluid in the peritoneal cavity. An excess of fat was observed in the mesen- 
tery and omentum. The liver was somewhat enlarged, weighing 1,730 gm.; on section 
it had a nutmeg appearance, with associated fatty changes. The gall-bladder showed 
no abnormalities; the bile ducts were patent throughout. The capsule of the spleen 
was somewhat thickened, and on section there appeared to be a marked increase in 
the fibrous tissue elements. The splenic pulp appeared somewhat soft and degener- 
ated. The spleen weighed 110 gm. There were many hard, enlarged, matted pre 
aortic and iliac nodes. The external surface of both kidneys was coarsely granular 
Both pelves showed an increase in pelvic fat. The cortical substance was irregular, 
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grayish-pink in color, and somewhat diminished in amount; the vascular markings 
were very prominent. The ureters were patent throughout. The bladder wall was 
trabeculated and hypertrophied. The prostate was markedly hypertrophied, nodular 
and firm, and encroached on the left side of the urethra. The right and left kidneys 
weighed 150 gm. each. Genitalia were normal except for a hemorrhagic exudate 
discharging from the anterior urethra. The remaining abdominal organs showed no 


significant pathologic changes 















































Fic. 2. Case 2. Note upward displacement of the P-Ta segment in limb Leads II and III 

Microscopically, sections of the heart showed the myocardium to be infarcted 
in many areas. The auricular and ventricular areas described grossly showed focal 
and diffuse fibrotic replacement, associated with increased vasculature, cloudy swelling 
and edema throughout. There was also evidence of polymorphonuclear, lymphocytic 
and monocytic cell infiltration between the necrotic myocardial fibers. The mural 
thrombus showed areas of beginning organization but was also characterized by 
lamination. The coronary vessels showed rather moderate to marked subintimal 
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arteriosclerotic changes, with cholesterol deposition, medial necrosis and the presence 
of recent and old vascular thrombosis. The latter, however, had not recanalized 
Che lungs showed marked thickening of the alveolar walls, and many of the alveolar 
spaces were completely filled with eosinophilic staining masses containing numerous 
heart failure cells. Other sections showed peribronchial and alveolar infiltration 
with monocytes and plasma cells, and occasional lymphocytes and polymorphonuclears. 
\lso present were focal hemorrhages into the alveolar interstitial spaces. Sections 
of the kidneys showed areas of tubular epithelial degeneration with associated cloudy 
swelling. The glomerular tufts were thickened, partially hyalinized and fibrotic 
lhe small and large vessels showed moderate to marked subintimal deposits of 
lipoid material, with associated fibrosis and luminal narrowing. The splenic paren- 
chyma showed marked congestion, with no thickening in trabeculae and no marked 
diminution in the white pulp. Sections of the liver showed marked central necrosis 
of the hepatic lobules, most marked around the central vein and the adjacent liver 
cells. The periportal sinusoids were relatively uninvolved. The individual liver 
cells in the central portion of the lobule showed marked necrotic changes, while those 
in the distal portion showed evidence of cloudy swelling and congestion. The portal 
triad area contained multiple collections of chronic inflammatory cells. The prostate 
showed marked loss of normal cellular outline and definite infiltration into adjacent 
stroma, suggestive of malignant changes. Sections of some of the abdominal and 
periaortic nodes showed infiltrating acini replacing the normal lymph node archi- 
tecture, possibly from the prostate. 

Final microscopic diagnoses were: (1) Coronary thrombosis involving the cir- 
cumflex branch of the left coronary artery, approximately 6 cm. from its origin. 
(2) Myocardial infarction, recent, involving the septum and the posterior wall of 
the left ventricle and right auricle. (3) Mural thrombosis of right auricular ap 
pendage. (4) Chronic passive congestion of the lungs and spleen. (5) Central 
hepatic lobular necrosis, with associated fatty changes. (6) Adenocarcinoma of the 
prostate. (7) Metastases from carcinoma of prostate to periaortic abdominal lymph 
nodes. (8) Benign nephrosclerosis, moderate 


CONCLUSIONS 

[wo cases are reported in which auricular infarction was a predominant 
finding. The first was of interest because of its clinical course, and the huge 
mural aneurysm of the right auricle found at the postmortem examination. The 
presence of this aneurysm was probably responsible for the dysphagia this patient 
suffered two or three days prior to his death. The multiple pulmonary emboli 
most likely originated from the thrombus in the right auricle. The terminal 
event was the rupture of this aneurysm, with cardiac tamponade and death 
In the second case, the patient’s clinical course was very brief but is reported 
hecause of the striking electrocardiographic findings. This patient suffered an 
acute myocardial infarction involving the posterior wall of the left ventricle, 
right auricle and interventricular septum. The elevation of the P-Ta segment in 
Leads II and III offered a clue to the presence of a recent infarction involving 
the posterior wall of one of the auricles. The rarity of this finding in the electro- 
cardiographic literature has already been noted, and it was felt that it would 
be of interest to report this entity at this time. 
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ANOREXIA NERVOSA TREATED BY PREFRONTAL 
LOBOTOMY * 


By Joun T. B. Carmopy, M.D., and Foster L. Visser, M.D., 
Worcester, Massachusetts 


[uiis paper deals with a refractory case of anorexia nervosa treated by 
prefrontal lobotomy. 

Anorexia nervosa may develop on the basis of many factors, but it is primarily 
associated with a psychic background.’ It has been pointed out by Berkman * 
that there is a wide line of demarcation between undernourishment and anorexia 
This point had been expressed previously by Gull* when he considered that 
anorexia nervosa was a condition resulting from starvation. Voluntary or 
forced starvation in itself presents a picture similar to true anorexia nervosa, and 
extensive studies* have given no evidence of a primary metabolic disorder. 
Most patients fall into the younger age group, and those over 30 years of age 
comprise a small percentage of the whole. Furthermore, it has been shown ‘ 
that the older the patient the more resistant he is to treatment, probably due to 
his fixed ideas and inability to coOperate. 

Insofar as the treatment of this condition is concerned, it has been principally 
dietary," and it has been assumed that a high caloric diet must be maintained for 
months before normal weight is approached. Prior to 1938, desiccated thyroid 
uppears to have been a necessary part of all medical therapy Since that time, 
some observers have felt that thyroid should not be included *® on the ground that 
the basal metabolic rate (which, as one would expect, is generally low) will show 
a prompt response toward the proper level ; this precludes an initial gain in weight, 
a most important point from the psychologic aspect. The main stumbling block 
in most of these cases has been the associated vomiting ; when this symptom has 
been paramount, positive treatment has been most difficult 

Generally speaking, the symptoms have been classified as psychic and somatic. 
The former include the emotional reactions of a spoiled child, unsound excesses, 
apathy, reticence, fatigue and negativistic tendencies. Among the latter are 
marked loss of weight, pallor without anemia, dryness of the hair and skin, low 
basal metabolic rate, intolerance to cold, amenorrhea, atrophic uterus, and similar 
changes consistent with starvation. 

Successful control of anorexia by dietary therapy has not been the entire 
problem. The distressing symptoms concomitant with increasing the bulk of the 
diet have caused many cases to become refractory. even though the amount of 


* Received for publication March 27, 1950 
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food has been increased very gradually. More recently, Berkman has felt that 
proper regulation will rarely result in failures,” and those primarily in the older 
group. It has been stated further that cases of a psychotic (schizophrenic) or 
definite compulsive background do not respond in an encouraging manner.* In 
most instances, patients who have responded in a satisfactory manner to dietary 
therapy have indicated progress by a slow gain in weight over a period of a 
month. Nevertheless, it has been pointed out that occasionally, in spite of the 
effect of initial waterlogging, as much as 24 pounds have been gained in a single 
week * without evidence of gastrointestinal distress. 

In the following case the patient was refractory to the usual methods of treat- 
ment; and this in addition to her age and the presence of psychotic traits led 
to the adoption of surgical measures. 


Case Report 


rhis 36 year old female was admitted to the Worcester City Hospital on April 
22, 1948, with a history of intermittent loss of weight over a period of 20 years. 
There were times during this interval when the patient tended to gain some weight, 
but since the age of 15 her weight had never approached a normal level. The onset 
of her difficulty dated back to her second year in high school. At that time it had 
been noted that she was shy and had difficulty “being herself around boys.” The 
first somatic indications were vomiting and amenorrhea. She felt that she didn't 
want to grow up and stated that during her course of life she had had but “about 
six periods.” She manifested unhappiness about these periods because they were 
“dirty.” Prior to the onset of the symptoms, the patient had experienced an abnormal 
home life. Her mother had died at the birth of a younger brother. This event was 
followed by the remarriage of her father to a woman the patient did not get along 
with or like. Although constantly underweight (in spite of periodic gain), the pa- 
tient managed to finish high school and to enter nurses’ training school. She stated 
that she had wished very much to finish her training but had been forced to give up 
after two years. Because of her persistent symptoms at that time, she had thought a 
rest would help her, but intended to return to complete her course when she had 
gained sufficient weight. However, this never happened; her weight loss continued 
and the anorexia increased in severity. 

In 1936 she entered a State institution on a voluntary basis, where she remained 
for one year. At that time her condition was unchanged, and her summary of the 
hospitalization was, “If you don’t bother anyone, they don’t bother you.” Subse- 
quently, she engaged in many different jobs: housemaid, clerk, factory worker and 
cook, all terminating after short intervals due principally to her fatigue. Over the 
years her social contact gradually narrowed to a single person—‘“a girl friend”— 
whom she had met as a patient at the State Hospital. All contacts with other friends 
had dwindled gradually and she had never had any desire for male companionship. 
Similarly, contact with her own family had lessened chiefly because she felt that “they 
ought to be ashamed of me—the way I look.” The two years prior to this admission 
were characterized by a continued loss of weight without periods of remission. Any 
semblance of appetite had practically disappeared and she took but small amounts of 
solid food. She stated that solid food and eggnogs and milk always made her vomit. 

Finally, the patient reached the decision to seek a “psychoanalysis in Boston,” 
hut thought that as an initial approach she would enter the Worcester City Hospital 
or a check-up. She stated that she was well aware of a mental conflict but knew 


that she did not have a “psychosis.” 
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Physical Examination: On admission, physical examination revealed an emaci 
ated, pale appearing 36 year old woman. Although showing evidence of fatigue, she 
Her weight was 55 pounds; her temperature, 97.4° F.; 
her pulse, 76. Her skin was noted to be rough and scaly, and the extremities were 

extreme emaciation, the 


was in no acute distress . 
cold and cyanotic. Otherwise, except for the findings of 
physical examination was not remarkable 

During the examination, the patient exhibited emotional instability and cried 
frequently. She talked incessantly and freely, making such statements as, “When 
you stop eating, you lose weight and then you don't want to eat because you might 
gair If vou were to tell me I was looking better, I would worry and start to feel 








Fic. 1. (Left.) This photograph, taken before operation on June 7, 1948, shows the 


general appearance of the patient; her weight was 54 pounds 
Fic. 2. (Right.) This photograph shows the appearance « 
following operation; her weight was 142.5 pounds 


f the patient three months 


bad and worry because I wouldn't know why I looked better. If you told me | 
ooked worse, it wouldn’t bother me at all. I don’t want to die, I haven't lived yet 


Nobody can help you unless you help yourself I wanted to gain weight, but. then I 


didn't want to. I don't have a psychosis.” , 

Laboratory data showed a basal metabolic rate of minus 35 and a hemoglobin 
of 84. All other tests, including extensive roentgen-ray examination, were within 
the normal levels 

The hospital course was marked by an attempt to regulate the patient with re 
The situation was discussed with her at length, especially 


spect to a dietary régime 
concerning the importance of increasing her caloric intake. During these inter- 
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views, the patient always expressed her desire to cooperate and to gain weight. A 
1,300-calorie diet was thought to have been attained but persistent reports by the 
nurses soon indicated that the patient, immediately after eating, would gag herself 
and vomit. The patient's weight chart varied but little during the next six weeks. 
On April 22, 1948, her weight was 55 pounds; on April 24, 52 pounds; on June 6, 
54 pounds. The diagnosis of anorexia nervosa with obsessive-compulsive character- 
istics was made. It appeared that the problem was an intractable one and, when 
the medical, psychiatric, and neurosurgical services had considered all the data, it 
was felt that a prefrontal lobotomy offered the only hope for improvement. This de 
cision was discussed with the patient in considerable detail and she consented, but 
with the statement, “Although I feel that I want to get well, maybe, within me, | 
don't want to get well.” 

Accordingly, on June 7, 1948, a bilateral lower quadrantic prefrontal lobotomy 
was performed. The postoperative course was marked by some mental confusion, 
which largely cleared over a period of 10 days. On the first postoperative day it was 
noted that the patient was eating and drinking well. She was allowed out of bed on 
the second postoperative day. The increase in weight from that point on was re 
markable. On June 13, 1948, six days following surgery, her weight was 63 pounds, 
a gain of 9 pounds. By July 1, about three weeks from the date of operation, het 
weight had risen to 84 pounds. During this period the patient went through the 
various phases seen in many postoperative lobotomy cases, but to a lesser degree 
Lack of inhibition probably best characterizes her behavior; as an example, her lan- 
guage frequently gave way to a choice of words she formerly shunned; also, she took 
considerable delight in drawing obscene pictures on the nurses’ desks. These traits 
subsided, and in their stead definite constructive initiative appeared, and the patient 
began to do some chores about the ward. Nevertheless, she failed to do this work 
in an adequate manner. If the job happened to be a long one, she would tire or lose 
interest rapidly. As time went on, it was noted that she showed increasing interest 
in being occupied. She finally insisted that she was ready to be discharged. Ordi 
narily, she would have been discharged at a much earlier date, but because she had 
no one to look after her during her convalescence and because of the extreme interest 
of the staff, she was not discharged until September 10, 1948, approximately three 
months following the prefrontal lobotomy. Questioned at the time of discharge con 
cerning her ability to earn her living, the patient said she was certain she could do 
housework or practical nursing. Her weight at that time was 142.5 pounds 

For the next eight months, her course was marked by a succession of jobs, the 
longest lasting about four months. As the patient put it, “Always hired and always 
fired.” Her main problem was not associated with any inability or lack of desire 
to work but was due primarily to her being unable to refrain from excesses. As an 
example, one employment was terminated because she smoked too much—-six to eight 
packages of cigarettes daily. She accomplished her tasks satisfactorily but it was 
felt that her constant smoking would “set the house on fire.” Also, she was over- 
critical of people, to the extent that her employers had difficulty in getting along with 
her 

During this period, from September, 1948, to May, 1949, her weight remained 
fairly stable, averaging 145 pounds. In December, 1948, six months postoperatively, 
she menstruated for the first time in many years and accepted the event without re- 
vulsion. She saw her family occasionally without the sense of being “ashamed.” 
Che tendency to excesses and the inability to get along with people—even though im- 


provement in these respects had been noted—demanded a period of further convales- 
cence under institutional care, especially since her home situation prevented her 
remaining there. 
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Accordingly, she was admitted to an institution, on a voluntary basis but under 
routine and discipline, where she worked for her maintenance. When she first ar 
rived, it was thought that she would have to leave because of her extremely critical 
attitude and her feeling of superiority to her associates; she became a greater prob 
lem than she had been while working in private homes. The next several months 
were characterized by gradual but definite improvement in these respects. She did 
her work more efficiently and began to show a decided interest in sewing. 

Her last follow-up, March 19, 1950, revealed the patient's physical condition to be 


excellent. At that time she weighed 150 pounds. There had been no indication of 


any return of nausea and, on specific questioning, the patient stated that she had not 


vomited since the operation. She also stated that she had begun to realize during 
the past few months what her main faults had been. She was fully aware of having 
been over-critical and she also realized that she had been “bold.” She further stated 


that at the time of discharge from the hospital she had thought she could hold a job 
without difficulty. Now, she realized that she had been completely incapable of doing 
so. At the interview, her one concern revolved about a feeling of guilt. When ques- 
tioned concerning this guilt, she explained that she was afraid she had harmed herself 
physically for so many years, she didn’t see how it was possible she could feel so well 
at the present time. She had gained much insight. She appeared emotionally stable 
and volunteered that she was a “new person” and was happy that the operation had 
been performed. Her father voices the same feeling without reservation. It was 
the opinion of her supervisor that the patient's work, her personality, and her ability 
to get along with her fellow-workers had now approached a normal level, and that 
she could hold an independent job without difficulty.* 


COMMENT 


This case represents an unusual problem from the point of view of treatment 
Medical and psychiatric therapy had failed and it was only as a last resort that 
prefrontal lobotomy was undertaken. The lower quadrantic procedure was car- 
ried out with the point in mind that her mental status would be less affected and, 
therefore, her convalescence would be shortened. The latter might have been the 
case if the patient had been able to return to her home. Attempting full-time em- 
ployment three months postoperatively required too great a readjustment and, 
we believe, reacted in a deterring fashion. Then again, it is not certain that 
sectioning only the lower quadrant is less drastic in effect than a complete pre- 
frontal procedure. Although the initial impact appeared to be less severe than 
in most lobotomized patients, the subsequent period of recovery extended over 
as long an interval as many complete procedures have required. Postoperatively, 
the patient exhibited the frequent tendency of many lobotomy cases, namely, an 
increase in appetite and weight. Also, it was noted that, with the rapid increase 
in weight, there was no objective evidence of the water logging which has tended 
to take place in many patients recovering from anorexia nervosa. Another 
point must be mentioned : prefrontal lobotomy is not recommended as the treat- 

it Certainly the majority, as Berk- 
man has shown, will recover by proper medical means. We feel that it should be 
considered only in the refractory cases who have failed to show any evidence of 
response and in those patients who are frankly psychotic or who are manifestly of 


ment of choice in all cases of anorexia nervosa. 


the obsessive-compulsive group. 


* Since July 1951, this patient has supported herself completely 
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Con¢ LUSIONS 


A refractory case of anorexia nervosa with obsessive-compulsive characteristics 
treated by prefrontal lobotomy has been presented 
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GARGOYLISM (DYSOSTOSIS MULTIPLEX): TWO ADULT 
CASES WITH ONE AUTOPSY * 
Kpwarp B. SmitxH, M.D.,+ Indianapolis, Indiana, Turovore C. HEMPEI 
MANN, M.D. Suerwoop Moore, M.D., St. Louis, Missourt, and 


Davip P. Barr, M.D., F.A.C.P.,§ New York, N. Y 


(JARGOYLISM is a heritable and congenital condition, attributable at least in 


part to defects in cartilaginous development which lead to dwarfism and to nu- 
} 


merous characteristic deformities of the skeleton. The osseous abnormalities were 
first described by Hunter ' in 1917. Two years later Hurler * reported cases with 
similar deformities and with cloudiness of the corneae and mental deficiency 
Husler,* who is responsible for the name “dysostosis multiplex,” included the con 
dition described by Hurler in his group of degenerative dysostoses. [English 
‘ There is some confusion in the 


literature in both designation and description : isolated cases have been incorrectly 


writers coined the term “gargoylism.” 


included in series of other similar, possibly related diseases. Hurler described 
her cases as multiple degenerations of the skeletal system and called them 
osteodysplasias. Others have recorded cases under such titles as scapho 
cephaly,”:*® acrocephaly,'' chondrodystrophy with infantile myxedema ** and 
Morquio’s disease Washington,’* impressed by the finding in some of the 
wutopsied cases of a substance in the cells of the brain and other organs which he 
thought was lipid in nature, suggested that the condition may be related to lipoid 


* Received for publication January 22, 1951 
From the Departments of Pathology, Pediatrics, Radiology, and Medicine of Washington 
University School of Medicine, St. Louis 
+ Department of Pathology, Indiana University Medical Center, Indianapolis, Indiana 
t Deceased 
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histiocytosis and should be called lipochondrodystrophy. Lindsay and co-au- 
thors ** have histologic and histochemical evidence that the malady involves ab- 
normal storage of a macromolecular substance such as glycogen or a glycoprotein. 

In the previous literature there are records of well over 100 patients, 24 of 
whom were autopsied.?® ** 17-18 14, 19 20, 21, 22,23,24 Among these are certain 
cases **: ** 22 which are not entirely characteristic. 

Certain clinical features tend to be more or less constant. Among these 
are dwarfism, a marked shortening of the trunk and neck, an enlarged and mis- 
shapen skull, low placed ears and a face with prominent forehead, protuberant 
temporal bones and short nose with depressed bridge and broad base. In many 
of the cases there appears to have been an early closure of all cranial sutures ex 
cept the coronal. In some, a keel-like ridge has marked the hyperostosis and 
early closure of sagittal and metopic sutures. In several cases a marked elonga- 
tion and anterior “pocketing” of the sella turcica have been observable in roent- 
genograms of the skull. The hands have been large, with marked limitation of 
the extension of the fingers. In some there has been a bilateral radial deviation of 
the little fingers. Difficulty in extension has been a prominent feature, most no- 
table in the shoulder and elbow joints but also tending to affect the knees and hips 
Supination and pronation are also greatly limited. Talipes equinus has been 
common. In all cases the abdomen has been prominent, with pouting, low-hung 
umbilicus and not infrequently with umbilical hernia. Kyphosis of the lower 
dorsal and lumbar vertebrae or of the lumbar region alone has often been noted 
In most instances the liver and spleen have been found well below the costal mar- 
gin. Haziness or cloudiness of the cornea is present in about 75 per cent of cases 
Deafness, sometimes almost complete, is frequent. Mental deficiency has been 
much emphasized but is an inconstant feature. Peculiar granules in the neutro- 
philic leukocytes have been observed.2” The hereditary nature of the malady 
has been fairly well established and has been attributed to the transmission of a 
single recessive autosomal gene.** 

Nearly all reported cases of this disease have been in babies and children. 


Therefore, our two cases are of special interest in that they were adults: one a 28 
year old man who came to autopsy after 22 years’ observation, the second a man 
still living and reasonably well at age 29. 


Case REPORTS 


Case 1. The first patient, observed over a period of 22 years, presented several 
extraordinary features. 

The patient was referred to T. C. H. on June 6, 1918, by Dr. George Hourn 
He was then five and one-half years of age. His mother stated that he had been born 
at full term, and that the delivery had been difficult and had been completed only 
with the aid of instruments. The boy walked well at the age of 11 months and 
began to talk at the end of the first year. His parents considered him mentally 
normal. He had frequent upper respiratory infections, with a rather persistent 
bronchitis, but none of the more seriou’s diseases of childhood. 

Examination in the St. Louis Children’s Hospital revealed a boy of extraordinary 
appearance (figure 1A). His thick, heavy eyelids and large tongue, partially pro- 
truding between thick lips, gave him a cretinoid appearance, but he was obviously 
not a cretin. He was playful, happy and mentally normal. There was no brady- 
cardia. He was not constipated and he perspired normally. His height was 91 cm. 


<A ORIN a ae 





654 SMITH, HEMPELMANN, MOORE, AND BARR 


36 inches) His enlarged head had a maximal circumference of 52 cm. (20.5 
nches). It was markedly dolichocephalic and was broadest in the occipital region 
Chere was bulging of the The suture lines 


ould be fel a ridge The 


parietal regions and of the forehead 


nose was short and broad with a marked depression 


Upper left.) Case 1, Charles B. at the age of five and one-half years. Low 
flexed ears, flexed hands, knees that cannot be fully extended. Protuberant 
| umbilical hernia. 8B. (Lower left.) X-ray of the sella turcica at five and one 

years Note the striking elongation and anterior “pocketing” of pituitary fossa and 
slight increase in depth 
Fic. 24 Upper right.) Photographs of the 


X-ray of the sella turcica showing the progressive increase in size 


patient at age 19. 8B. (Lower right 


iccentuated by the prominence of the frontal region. The hai 

Chere were ocular hypertelorism and proptosis, but a large 
the thickened lids. No corneal opacity was 
Che ears were set low on the head 
The tonsils were large 


it the root 


Was COarse 


portion ot lls was covered by 


noted on this or on subsequent examinations 
UOtoscopic examination at this time revealed no abnormality 
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red and crypt lhe neck was short. Breath sounds were harsh, with showers of 
moist rales and wheezing at the end of inspiration. The abdomen was protuberant 
with a large umbilical hernia. The liver extended to the umbilicus and the spleen 
was thought to be grossly enlarged. The elbow and knee joints and the knobby 
joints of the large hands could not be fully extended. There was a slight genu 
algum \t this time there was no hematologic abnormality. Roentgenograms of the 
ands showed no evidence of delayed ossification in either carpus. Roentgenogram 
ot the skull showed a distorted appearance of the sella turcica (figure 1B), which 
rave rise to discussion of a possible pituitary tumor 

Che umbilical hernia was repaired, and after an uneventful postoperative 


course 
the patient was discharged 
During the winter of 1918-1919 he had on several occasions a discharge from 
left ear, in which he had become deaf. Otherwise his health had been good. The 
bronchitis had become less troublesome. His hair had become softer in texture and 
nore abundant. The ear drums were examined by Dr. Hourn, who considered them 
normal. At this time the red blood cell count was still normal. A _ fragility test 
howed hemolysis beginning in 0.44 per cent salt solution and complete in 0.34 pet 
ent. The tonsils and adenoids were removed 
Dur ne the spring ol 1919 the boy be gan to suffer from occasional nose bleeds 
which at first caused no anxiety $y April, 1922, however, they had become severe 
and trequent, lasting from two to three hours and requiring packing of the nos« 
Often they were followed by severe epigastric pain, relieved by the vomiting of thick 
black blood. He became progressively weaker and was re-admitted to the St. Low 
Children’s Hospital on July 11, 1922. Examination revealed marked pallor, puffiness 
of the evelids and edema of the ankles. Breathing was difficult and stertorous 
There were palpable lymph nodes in the neck, axilla and inguinal regions. The liver 
ind spleen were still enormous. The red blood cell count was 1,750,000, with marked 
inisocytosis and poikilocytosis. The white blood cell count was 3,700, with a normal 
lifferential lhe coagulation time was 20 minutes rhe prothrombin time according 
to Howell's method was considered normal. In tests for osmotic fragility of the 
red blood cells hemolysis began in 0.61 per cent sodium chloride solution and wa 
complete in a 0.38 per cent solution. The blood clot did not retract normally, al 
though the platelet count was normal. Some confusion arose concerning those tests 
because they were not done simultaneously The red blood cell count was taken 
before the boy received a transfusion from his father, whereas the other tests were 
ade later. Later examinations by Dr. Alexis Hartmann revealed a coagulation 
time of 40 minutes, without lengthening of prothrombin time and with normal fragility 
ol red blood cells 
On July 13, 1922. a splenectomy was performed by 
esthesia was difficult. and frequent artificial aid to the respiration 


The liver was enlarged but without any gross evidence of cirrhosis, and a biopsy 
rhe spleen weighed 


Dr. Evarts Graham An 
was necessary 


revealed numerous mononuclear cells in the perivascular spaces 
245 gm. and measured 14 by 8.5 by 4 cm. On cut section it was described as beefy, 
with fine, small, whitish nodules which projected above the surface Microscopically 
it revealed enlarged sinusoids and a slight fibrosis 
Following splenectomy, the white blood cell count 
gradually fell during two months to 12,000, the red blood cell count rose to 4,000,000 
the hemoglobin to 75 per cent In October, 1922, his red blood cell count was 5,000, 
000; hemoglobin, 75 per cent; white blood cell count, 11,000. The coagulation time 


increased to 34,900 and 


was only 14 minutes. Hemolysis began at a 0.45 per cent salt solution and wa 


complete at 0.25 per cent 
No further hemorrhage was noted until May, 1923, when the patient suffered 


from frequent epistaxis with consequent anemia At this time his red blood cell 
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count was 2,400,000, the white blood cells numbered 14,000, the coagulation time was 


8 minutes. Bleeding stopped immediately after entrance to the hospital and did not 
recur. 

The boy was not seen again until July, 1932, when he was brought to Barnes 
Hospital for reéxamination. During the interval he had had no hemorrhage and no 


symptom suggestive of a severe anemia. His appearance at this time is shown in 





Fic. 34. Photograph of Case 1 at age 25. B 
1 


Further enlargement of the sella turcica 
lemonstrated at » 25 


agt 


igure 2A. He weighed 58 pounds and measured 45.5 inches, having gained 11 


pounds and grown five inches in a period of approximately 10 years. His hands 
had grown out of proportion to the rest of his body and presented a claw-like appear- 
ance. There was increased difficulty in extension and rotation at the hips and 


s and limited extension at the elbows, with limited pronation and supination 


of the forearm. The deafness had greatly increased. His blood presented no ab 


shouldet 
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normality. He was uncooperative, moody and subject to fits of anger. Attempts to 
estimate his intelligence were defeated by his unwillingness to be examined, his deaf 
ness and his distrust of physicians. 

Examination of his hearing by Dr. L. W. Dean and Dr. C. C. Bunch showed a 
marked bilateral diminution in bone conduction. He could hear only the loudest 
tones. Dr. Dean considered that he had a deafness of the inner ear type 

Examination of his eyes by Dr. W. M. James showed vision of 6/12 on each side 
Che fundi were clear and the visual fields within normal limits. The defect in 
vision was attributed to a high degree of compound hyperopic astigmatism 

Roentgenograms of the skull showed an increase in the enlargement of the sella 
turcica (figure 2B) 

In March, 1938, the boy was admitted to Barnes Hospital complaining of severe 
frontal headaches and of frequent nosebleeds. His breathing was difficult and 
tertorous. The breath sounds were almost obscured by sibilant and sonorous rales 
rhe blood pressure was 110/75 mm. of Hg, and the heart was not considered ab 
normal. The liver extended 15 cm. below the right costal margin (figure 3) in the 
midclavicular line The deformity of joints appeared to be more marked. The 
elbows could be extended to approximately 130°, and the patient believed that his 
hands were stiffer than formerly. He was more cooperative and could read ordinary 
newspaper print well with the aid of glasses. Except for the auditory defect, the 
cranial nerves were normal. Further enlargement of the pituitary fossa was demon 
strated in roentgenograms of the skull (figure 3B). Nasal packs stopped the bleed 
ng. blood studies before and after the bleeding were normal except for a low 


red blood cell count 

On July 15, 1940, he was seen because of urgent dyspnea, severe cyanosis 
orthopnea, venous engorgement and marked distention of the abdomen. He returned 
home but became worse. It appeared that death was due to suffocation. His supply 
of air, always precariously low because of his deformities and his chronic bronchitis 
may have become totally insufficient with the upward pressure exerted by increasingly 
distended bowels in an already distended abdomen 

Family History: A maternal great-uncle had a head shaped like’ that of the 
patient. He was dwarfed and had an abnormally protuberant abdomen. An uncle, 
the mother’s brother, greatly resembled the great-uncle. He was 4 feet tall and also 
had abdominal and cephalic deformities. He died at the age of 27 of dropsy and 
isthma after an illness of seven years. Both the great-uncle and uncle were con 
sidered unusually bright by the family. A first cousin on the mother’s side was con 
sidered by the family to have a head and abdomen shaped like the patient’s. This 
boy died at the age of 14 within 24 hours of the onset of sudden pain in the head 
and convulsions. He was intelligent, had grown normally to the age of 14 and was 
considered well until the time of the fatal illness. None of these relatives was deaf 
It is not evident that any one of them had stiffness of joints, although both the uncle 
and cousin were said to have had hands large for their size and resembling even 
luring childhood the hands of old men. The patient’s sister developed normally 

Roentgenologic Studies: The roentgenograms require special discussion 
Roentgenograms of the skull were taken at different ages. In the earliest, taken 
when the boy was five and one-half years of age, it was noted that both the lambdoid 
and sagittal sutures were closed and that the coronal suture was open and prominent 
[he anterior fontanel was not closed. The sella turcica was elongated (figure 1B) 
[he mastoid processes were low. The temporal bones were unusually prominent and 
bulged out from a somewhat narrow vertex. The frontal region was prominent 
Che diploic veins were prominent 

Later roentgenograms of the skull, taken at the ages of nine and one-half and 
19 years, revealed gradual closure of the coronal suture, tremendous diploic blood 
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vascular spaces in the frontal bone and arterial grooves throughout the remainder 


of the calvaria. ‘The pituitary fossa showed a progressive enlargement and elongation 
in the anteroposterior diameter, with some increase in depth (figure 2B) Although 
the dorsum sellae was thin in its anteroposterior dimension, no erosion or destruction 
of bone was evident lhe distinctive shape should be noted. In all of the pictures 
there ippe« ired to be 1 pocket or space in front of the sella itself and below the 


' 





kia. 44. Case 2, Leonard G., in fair health at age 29. B. X-ray of the sella turcica 
t case 2 to demonstrate the characteristic elongation with anterior “pocketing” and some 


increase in depth of the pituitary fossa 


anterior clinoid processes, which seemed to be placed far anterior to their usual 
position (figures 1B, 2B and 3B). It was noted in an x-ray of the hands at the age 
ot 10 that there was little evidence of delay in ossification of the bones of the carpus 
bones were seen to be thickened, widened, bowed and of irregular 
contour. Even at the age of 19 the epiphyses were not united. The line of ossification 
was irregular in the diaphysoepiphyseal junctions, this feature being particularly evi 


Che metacarpal 








CASE REPORTS 659 


dent at the lower ends of the radius and ulna. There was irregularity of the articular 
aspects of all of the epiphyses. In the metacarpophalangeal joints a tendency to 
increased thickness on the radial side of the epiphyses was evident. The increasing 
limitation of extension was apparent, but its cause, possibly associated with the ir- 
regular and uneven ossification, was not altogether apparent from inspection of the 
roentgenogramis 

4 bilateral bowing indicating an increase in the length of the radius was noted 
Che hip joints visualized at the age of five and one-half years showed no striking 
abnormality. The ankle joint at 19 years showed epiphyseal cartilages still present, 
but no evidence of bone change comparable to that in the forearm 

Necropsy Findings: The examination was performed nine hours after death 
Ihe body weighed 25 kg. (55 pounds) and was 119 cm. (47 inches) in length. The 
appearance of the face and body corresponded to that portrayed in figure 3A. The 
head was elongated, and there was a moderately conspicuous ridge in the region oi 
the metopic suture. Extension of the elbows, fingers and knees was greatly limited 
The abdomen was tremendously distended and the wall was thin. Just to the left 
of the midline was a healed scar measuring 15 cm. in length. 

The thymus weighed 7 gm. It was pinkish-gray, soft and coarsely lobulated 
Microscopically the separation of the cortex from the medulla in individual lobules 
was indistinct, there being equal numbers of lymphocytes in the two parts. Hassall’s 
corpuscles were large and well keratinized. About the lobules were a moderate 
number of eosinophilic myelocytes. This picture was considered one of moderate 
involution of the thymus, somewhat delayed for age 28 (Boyd). The thyroid gland 
weighed 25 gm. and was composed of small and moderate sized acini, lined by 
vacuolated pale cells and containing scant colloid 

The heart weighed 260 gm. The circumferences of the valvular rings were 
within normal limits. The margins of the tricuspid and mitral valvular cusps showed 
slight fibrous thickening, and each presented several distinct hemispheric aneurysms, 
varying from 2 to 5 mm. in diameter. 

In one large bronchus there were slight thickening and hyalinization of the 
basement membrane and slight lymphocytic infiltration of the submucosa. There was 
no infiltration with eosinophils, no hypersecretion of mucus, or other evidence ot 
asthma. The examination failed to reveal an anatomic basis for the difficult breath 
ng from which the patient had so frequently suffered. The intestines were enormously 
listended with gas 

he liver weighed 1,680 gm Ihe general contour was normal, but the inferior 
margin was rounded and extended 8 to 10 cm. below the costal margin in the right 
midclavicular line lhe external surface was firm, smooth, shiny and dark yellowish 
red. Microscopically the hepatic cells were large, sharply outlined and variable in 
shape. In the cytoplasm were droplets of finely granular glycogen (Best's carmine 
stain). Scharlach R stain failed to stain the droplets 

The 245 gm. spleen had been removed surgically at the age of nine and one-halt 
years. Review of the sections revealed no striking abnormality The general 
irchitecture was intact and the lymphoid follicles appeared to be normal rhe 
combined weight of the adrenal glands was 20 gm. They were grossly normal, but 
i few cells of the medulla were enlarged and vacuolated 

The prostate gland was slightly smaller than that of the average adult. The 
testes weighed 40 gm. together and showed no gros’ changes. Microscopically, rare 
mature spermatozoa were present.’ Most of the cells in the tubules had developed only 
to the stage of spermatids. 

The lymph nodes throughout the body were small, soft and discrete. Micro 
scopically, the germinal centers were few and small and the nodes were less cellular 


than usual 
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[he bone marrow exhibited increased cellularity due to the presence oi 
reticuloendothelial cells, a few of which were vacuolated 

rhe bones of the calvaria were harder than normal but of normal thickness 
Che squamous portion of the temporal bone was enlarged and prominent externally, 
whereas the petrous portion was unusually small in all diameters. The sella turcica 
measured 12 mm. in depth and was about twice normal size. The pituitary gland 
showed no abnormality except for a few vacuolated, unidentified cells in the anterior 
lobe and several vacuolated cells in the wall of the infundibulum 

rhe brain weighed 1,500 gm. Except for a few small cystic spaces of healed 
encephalomalacia in the central portion of the basal ganglia, no pathologic change was 
tound either grossly or microscopically. 

Examination of the right elbow joint showed limitation of extension beyond about 
130°. Sagittal section showed that the lower end of the humerus curved to present the 


articular surface ventrally instead of caudally. The curve was of such extent as to 
limit extension by about 60 rhe joint surfaces and other structures were intact 
grossly 


Lars and Temporal Bones: Detailed studies by Dr. Dorothy Wolff of the 
Department of Otolaryngology, revealed the following: There was partial atresia of 
both external auditory canals. The mastoid antrum was smaller than normal in both 
ears. There were almost no parantral cells and relatively few bony trabeculae. The 
lacunae for the most part were devoid of cells, giving to the bone a necrotic ap 
pearance. No joint cavity was visible in either malleoincudal joint. Shrapnell’s 
membrane was not fully formed, and Prussak’s pouch was smaller than normal. The 
inner ear showed an irregular contour of the semicircular canals. In the cochlea 
Reissner’s membrane was intact throughout. The spiral ligament showed numerous 
cystic spaces. There was degeneration of the stria vascularis. The organ of Corti 
preserved its normal contour, but no cellular structure could be identified. Rosenthal’s 
canal was either devoid of nerve fibers or contained only a few hollow strands of 
neurilemmal sheath. The spiral ganglion cells were not appreciably decreased in 
number but stained very faintly and revealed vacuolated cytoplasm 

rhe following were essentially normal upon gross and microscopic examunation 
parathyroid bodies, lungs, gall-bladder, bile ducts,. pancreas, urinary system and 


gastrointestinal tract 
COMMENT 


Chis case had the general characteristics of dysostosis multiplex, although 
certain features were lacking. Corneal opacities and mental deficiency were not 
present. Appraisal by the Yerkes-Bridges test at St. Louis Children’s Hospital 
by Dr. G. B. Smith when the patient was nine and one-half years old showed a 
mental age of the eight year level, although the patient was handicapped by his 
deafness. Subsequently, his tendency toward introversion made further evalua 
tion difficult. However, none of the clinical and autopsy findings indicated any 
mental defect in the case. This is in contrast to some cases, which showed 
ballooning of cerebral ganglion cells by an abnormal substance.**: **: **-** 

The deafness was shown clinically to be of the inner ear type. Pathologically 
there was vacuolation of cells of the spiral ganglion to explain the deafness 
However, the ankylosis of the malleoincudal joint could be used as evidence that 
initially the auditory defect was of the conduction system and that the inner ear 
changes were merely secondary. The bleeding may have been due to coagulation 
defects, possibly thrombocytopenia secondary to the enlarged spleen, although this 
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cannot be proved. A local bleeding point of the nose was undoubtedly an impor 
tant factor, because no other site of hemorrhage was demonstrated. Bleeding is 
not a common feature in gargoylisn 

Hepatomegaly and splenomegaly have been emphasized in most of the re- 
corded cases of dysostosis multiplex, with the notable exception of two necropsied 
cases of Ashby, Stewart and Watkin.'* Our patient had an enlarged liver at 
death (1,680 gm. in a dwarfed individual), and had been relieved of a 245 gm. 
spleen at the age of nine and one-half years. The absence of lipoid-like material 
in the liver observed by others ** and the presence of glycogen of similar appearance 
may be worthy of note, especially in the light of the studies of Lindsay et al.’ 
These authors suggest that the hepatic changes are due to the abnormal storage ot 
a macromolecular substance, perhaps glycogen or a glycoprotein 

Vode of death of many of the cases has indicated a peculiar tendency to un 
expected and rapid exitus. This has been frequently interpreted as sudden 
cardiac failure, circulatory collapse, pulmonary edema or “bronchopneumonia.” 
Our patient died suddenly during a period of increasing, finally intolerable 
dyspnea which previously had simulated asthma. Pathologic examination failed 
to show evidence of asthma or to present a good explanation of the final phase of 
his illness. The nodular thickenings and small aneurysmal formations on the 
margin of the leaflets of the mitral valve, while of interest, were not sufficient to 
cause death. Similar findings have been repeatedly recorded and may well be 


c of the disease 









in inconstant characteris 
Endocrine Glands. No constant change has been demonstrated in the endo 
crine organs, although involvement of certain endocrine tissues is common. In 
one case '* the pituitary gland was enlarged owing to infiltration of all types of 
individual cells by a “lipid-like substance.” Infiltration of the chromophobe cells 
of the pituitary was observed in de Lange’s '* case. Ashby, Stewart and Watkin ** 
noted enlargement of the pituitary gland in one autopsied case, and hyperplasia 
in another. Among the eight autopsied cases of Lindsay et al.** there was gross 
enlargement of the pituitary in one case, whereas six of the eight cases displayed 
microscopic alteration of the cells of the anterior lobe, particularly of the chromo 
phobic cells. The altered cells were enlarged and indistinctly outlined and had 
i cytoplasm which was almost entirely clear. Some cells had bubbly, vesicular 
ytoplasm. The changes have been regarded as further evidence of an abnormal 
storage phenomenon. Changes are found inconstantly in other endocrine organs, 
notably the testis.2*° Other sites include thymus, thyroid gland and medulla of 
the adrenal gland. The thymus of Reilly’s '* 10 year old boy weighed 65gm. Case 
1 in Lindsay’s series of eight autopsies, a 10 year old boy, had a 65 gm. thymus 
One other of his cases (case 6) showed vacuolation of large mononuclear cells 
in the thymus. Our 28 year old man presented a 7 gm. thymus. The thyroid 
gland in our case was moderately involved microscopically, and there was rela- 
tively mild involvement of the pituitary gland, infundibulum of the pituitary gland, 
medulla of adrenal glands and bone marrow. 
The liver displayed advanced infiltration of the cells. No active involvement 
‘f bones was demonstrated in our patient, probally because he was an adult. 
The importance of enlargement and/or infiltration of endocrine and other 
organs is yet to be established. In the opinion of Lindsay et al.,** the infiltration 
interferes with function. Whether the alterations of growth are dependent mainly 
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on endocrine dysfunction or more directly on genetic influence is a matter of 
conjecture. Again, Lindsay has pointed to infiltration of a local site, the epi 
physis, to explain the skeletal abnormalities. In the light of our confirmatory find 
ings, we are inclined to agree with Lindsay and co-authors that (a) the com 
monly encountered endocrine involvement is one factor in the development of 
skeletal abnormalities, and (b) the infiltration of the epiphysis of a bone may re 
tard its growth and alter its shape. However, the hereditary influence on bony 
growth may well predispose the patient to the characteristic skeletal pattern of 
gargoylism before the abnormal storage occurs 

The unusual ages of our 28 year old autopsied patient and our 29 year old 
clinical case (which follows) may well be due to the relatively mild involvement of 
vital tissues. We agree with Jervis ** that mild forms occur, and we would like 
to suggest that systematic check through institutions might well yield a surpris 
ing number of borderline or mild cases in juvenile and adult persons. 

Vature and Pattern of Skeletal Abnormalities. The pattern of abnormalities 
is perhaps best explained by considering the time of closure of sutures of the 
skull and of the epiphyses. According to Todd,** ** the sutures of the skull nor 
mally commence closure soon after the twenty-first birthday. The sagittal suture 
is first to fuse, and the coronal and lambdoid sutures follow. The epiphyses of 
the long bones should be in the process of union between the fifteenth and 
twentieth years of life. Our personal observations (S. M.) have not confirmed 
the immediately preceding findings 

In our case, the closure of the sagittal and lambdoid sutures occurred before 
the age of five and one-half years. On the other hand, the epiphysis of the lower 
end of the humerus did not show complete union until after the twenty-fifth year 
It is interesting to note that the early fusion of the sagittal and lambdoid sutures 
resulted in the usual dolichocephaly. Subsequent growth was in the anterior and 
lateral parts of the skull, with backward rotation of the posterior part. There 
fore, the forehead and temples were prominent and the ears were low set. The 
growth of the anterior parts of the skull also resulted in ocular hypertelorism and 
n enlargement of the sella turcica 

Of the previously reported cases studied, it is noted that virtually all had ar 
enlarged head, which of course occurs in rickets but not to the same degree. The 
constancy of an enlarged, deformed head, with associated typical facies, is inter 
esting in the light of the work of Stockard.** | By using many generations oi 
several pure breeds of dogs, he was able to show that, with rare exceptions, the re 
sulting cranial types did not arise from the deformity of a single bone. Usually 
they followed a pattern which did not vary widely and which was more or less con 
stantly associated with a definite pattern of changes in the other bones of the body 
It might be possible to regard the changes of dysostosis multiplex as possessing a 
genetic unity so definite that one individual with the condition could pass as a sib 
ling of any other. It is difficult to imagine a relationship between so definite a 
skeletal pattern and an abnormal storage phenomenon, but evidently there is one 

Deformity of the Sella Turcica. The curious deformity of the sella turcica has 
been observed in all cases of gargoylism and is virtually diagnostic (S. M.). It 
is of some interest that only one other similar malformation (our case 2) was 
noted by Dr. Sherwood Moore in his roentgen examination of the skull of 16,000 
individuals (in round numbers ) over a period of 33 years. The material included 
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all ages and was about equally divided between the sexes. It is significant that 
there was no female case of gargoylism among the 16,000 examinations. Ap- 
proximately 32 per cent of these cases were in the first and second decades and 
were from the St. Louis Children’s Hospital and its clinic. The skeleton of a fe 
male dwarf in the Department of Anatomy has a sella turcica almost identical in 
conformation with that of these two cases but lacks the other bone changes. The 
enlargement of the pituitary observed in Ashby’s two cases ** suggests the re 
mote possibility that the bony deformity might have resulted from hypophyseal 
hypertrophy, which in our case and in others had regressed before autopsy was 
performed. The absence of erosion of the clinoid processes and of the floor of the 
sella, however, is evidence against the hypothesis. It seems more likely that the 
increase and the malformation are integral parts of the general dysostosis of the 
skull. 

Deformity of Joints. In the reported cases, one of the most constant clinical 
features has been a limitation in the extension of the fingers, elbows, knees and 
other joints. In our patient, the elbow joint itself was entirely normal and the 
limitation of motion apparently resulted from a forward bowing of the humerus, 
and a consequent ventral displacement of the joint surface of the elbow. Roent 
genograms of other long bones revealed similar bowing, the cause of which cannot 
be definitely assigned but which was regarded as an irregularity of ossification due 
to involvement of the epiphyseal lines during the period of growth. In the case 
of dyschondroplastic dwarfs, the bone and joint conditions closely resemble those 
of dysostosis multiplex, but they do not have the changes in the skull and par 
ticularly in the sella turcica. Our autopsied case was an adult and therefore did 
not show the macrophages at the line of growth as demonstrated by Lindsay.** 


Case 2. A 29 year old white man, a patient of Dr. Edward H. Reinhard, entered 
3arnes Hospital on May 9, 1949, with complaints of dyspnea and associated spells 
of “weakness in the knees.” The latter had recurred about once a week during the 
preceding year, usually after he had been sitting for some time mentally engrossed, 
as at a desk or in a theatre. Physical examination revealed a 126 pound, short man 
with large head which was elongated anteroposteriorly. The head presented features 
of gargoylism, including depression of the bridge of the nose, low set ears and thick 
lips. The teeth were widely spaced, and the alveolar processes and teeth projected 
outward. The tongue was large and flat. There was a divergent strabismus as 
sociated with a paralysis of the internal oblique muscle of the right eye. The patient 
had effective vision of only the left eye, although both retinae were within normal 
limits by retinoscopy. The corneae were clear grossly and by slit-lamp examination 
lhere was slight deafness of the nerve type, greater on the right. His voice had a 
rasping quality, and excessive mucus was present constantly in the throat. By 
indirect laryngoscopy the epiglottis appeared edematous. The short neck and the 
excessive mucus caused failure of direct laryngoscopy. The lungs were clear except 
for the sounds resulting from mucus in the throat. There was a soft systolic murmur 
but otherwise the heart was normal. His blood pressure was 120/80 and at another 
time 124/100 mm. of Hg. The abdomen was protuberant, and there were scars of 
umbilical and bilateral inguinal herniorrhaphy (performed when the patient was 
six yeacs old). The livertextended 14 cm.: below the right costal margin, and the 
margin ‘of the spleen was palpable 10 cm. below the left costal margin. Small shotty 
axillary nodes were palpable. Pubic hair was sparse. The external genitalia were 
normal except that one testicle was not palpated. Rectal examination was negative 
Neurologic study was not revealing except for the slight bilateral deafness of the 
nerve type. Many dark raised nevi were scattered over the body. The patient pre- 
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sented an abnormal posture, due to his short neck and narrow shoulders and to 
limitation of extension of certain joints. He was unable to abduct his arm more 
than 90 degrees. The elbows would not extend beyond 100 degrees, and there was 
an increased “carrying angle” of both elbows. The hands were of the “claw type,” 
owing to inability to extend the joints completely. The fingers were held in flexion 
Stiffness of the back increased the abnormal stance of 
Both 


at an angle of 30 degrees. 
the patient. The femora were rotated inward on the pelvis and on the tibiae. 
feet showed talipes equinovarus 

Laboratory data presented counts of 4.39 million red blood cells, 3,100 white 
blood cells and 386,000 platelets per cubic millimeters of blood. The white cells were 
4 per cent; segmented neutrophils, 44 per cent; 
lymphocytes, 38 per cent; and monocytes, 10 per cent. The red blood cells included 
The bleeding and clotting times were 4.5 and 3 minutes, 


eosinophils, 4 per cent; bands, 


3.8 per cent reticulocytes 
respectively. A bone marrow examination performed because of the leukopenia 
Urinalysis revealed no abnormalities. The 


Ihe non-protein nitrogen was 18 mg. per 


showed a normally cellular marrow 

Kahn reaction for syphilis was negative. 
A glucose tolerance test and an adrenalin tolerance test were negative. The 
The cephalin flocculation and thymol 
Serum total protein was 7.2 gm. per cent with 4.7 gm. 


cent. 
blood cholesterol was 172 mg. per 
turbidity tests were normal. 

albumin and 2.5 gm. globulin 
prothrombin level was 70 per cent of normal. 
function showed 2 per cent retention after 35 minutes following a dose of 5 mg. of the 


cent. 


Serum calcium and phosphorus were normal. The 
3romsulfalein excretion test for liver 


Urobilinogen excretion in the urine was normal. 
[he basal metabolic rate on two oc- 
Intravenous pyelograms revealed a 


dye per kilogram of body weight 
An electrocardiogram was essentially normal 

casions was minus 13 and minus 16 per cent 
left hydronephrosis of mild degree. A liver biopsy was performed on May 17, 1949 
Microscopic sections were not remarkable except for the enlargement of the cells and 
showed abundant 


the “fluffy” their cytoplasm. Glycogen stains 


glycogen, whereas frozen sections stained with Sudan III revealed no fatty change 
Chemical studies of lipids revealed slightly low cholesterol content in both liver and 


appearance of 


blood, as indicated by the following results 


Normal 
Values 


Observed 
Values 


Liver Lipids Study (May 17, 1949 


atty acids 
“atty acids 
“atty acids 


neutral fat 
phospholipid ) 
cholesterol 


115.9 
6.1 
? 


124 





“atty acids total (mEq./kg 
ipid phosphorus (mg.% 
Cholesterol total (mg.% 

Free (mg.% 

Esters (mg.% 

Ratio (Free: Total 
Cholesterol to lipid phosphorus ratio 


Blood Lipids (May 14, 1949 


Fatty acids (neutral fat 
Fatty acids (phospholipid) 
Fatty acids (cholesterol) 
Fatty acids (total) (mEq. /liter 
Lipid phosphorus (mg.%) 
Cholesterol total (mg.% 
Free (mg.%) 
Esters (mg.%) 
Ratio (free total) 
Cholesterol to lipid phosphorus ratio 


(120-165) 
(0.25-.30) 
19-25) 
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A past history of good health was given by the patient, who had been graduated 
from Oklahoma Agricultural and Mechanical College after completion of major 
studies in economics and accounting. He remembered having no contagious disease 
or serious illness. He stated that he had never been interested in women. 

His family history was irrelevant except that the patient had a cousin who looked 
like him and had the same bony deformities. The patient’s mother was well at age 

5 


5 His father had died in an accident at age 40 
The hospital course included therapy directed locally to his respiratory diff- 
culties and stimulants to relieve his drowsiness, which was evident during his hospital 


stay rhe patient returned to his position as “engineering aide.” 


COMMENT 


[his 29 year old patient, still living and in fairly good health, is unusual be- 
cause of the duration of his life, lack of corneal opacity and auditory defects, and 
absence of mental retardation. Otherwise, the patient presents classic clinical, 
roentgenologic and pathologic (liver biopsy) features of gargoylism. The lipid 
studies on the biopsy of the liver and on the blood are particularly significant be 
cause of the low or normal values in all fractions. The fat stain revealed no ex- 
cess of fat in the liver, whereas the glycogen stain (Best's) indicated the presence 
of a normal or an increased amount of intracytoplasmic glycogen. These find- 
ings (and the microscopic findings in our case 1) corroborate those of Lindsay 
and others who believe the disease to be a dysmetabolism of a substance related 
to glycogen. The chemical analysis of the biopsy of the liver refutes the argu- 
ment of those who have suggested that a lipid or “lipid-like” substance is con- 
cerned in the disease 

SUMMARY 


The clinical, roentgenologic and pathologic findings of two cases of gargoylism 
are presented. The patients are distinctly unusual because of their relatively 
advanced ages of 28 and 29 years, respectively. One patient came to autopsy 
after 22 years of observation. The other patient is still living and fairly well. In 
both cases the roentgenograms, especially of the skull, are diagnostic. Complete 
autopsy in one case and biopsy of the liver in the second failed to exhibit excessive 
lipid or fat in the tissues. Chemical analysis of the biopsy showed no increase 
in lipids. Glycogen stains on the livers revealed abundant glycogen. 


CONCLUSIONS 


1. The disease gargoylism should be regarded as compatible with survival to 
adulthood in some cases. 

2. The disease presents diagnestic roentgenographic features, particularly in 
the skull. ; 

3. The basic defect in this hereditary disease is probably concerned with 
dysmetabolism of glycogen or an associated macromolecular substance. 

4. Histologic, histochemical and quantitative chemical evidence is presented 
that the disease does not principally involve lipids 
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PULMONARY ADENOMATOSIS * 


By Joun M. Dennis, M.D., Baltimore, Maryland, Wituiam T. Rary 
M.D., Charlotte, North Carolina, and Emu. J. C. Hi-penpranp, 
M.D., Washington, D. C 


PRIMARY alveolar epithelial hyperplasia or pulmonary adenomatosis in the 
human is very rare. However, jaagzsiekte, a disease in sheep closely resembling 
pulmonary adenomatosis in man, is quite common in Iceland, South Africa, Sax- 
ony, England and Montana. Even though the diseases, both clinically and 
pathologically, are similar, no definite relationship between the two has been estab 
lished 

Swan ** advanced three criteria for the diagnosis of pulmonary adenomatosis 


1) alveolar cell proliferation, characterized by appearance of cuboidal or tall 


olumnar mucus-producing cells; (2) the absence of an intrinsic tumor of the 
bronchial tree, and (3) the absence of an adenocarcinoma elsewhere in the body 

The first case of pulmonary adenomatosis in man was reported by Helly? in 
1907 as a multiple, nodular, bilateral tumor of the lungs. In 1942, Geever and 
Neubuerger ° in summarizing 24 cases of what they termed alveolar cell tumors, 


made no distinction between alveolar cell carcinoma and pulmonary adenomatosis. 
Swan ** recently found in the literature 27 cases of pulmonary adenomatosis re 
ported since 1941, to which he added nine new cases from the files of the Army 
Institute of Pathology. He screened approximately 900 cases of pulmonary 
neoplasms and found only nine cases which fulfilled his criteria for adenomatosis 

The occurrence of metastasis and of carcinomatous changes in the lesions 
without metastasis leads to much confusion and controversy in the proper classifi 
cation of these lesions. Many have probably been classified as alveolar cell carci 
nomas and unusual bronchogenic carcinomas, while others have been placed in 
the group of primary diseases causing alveolar cell hyperplasia 


Case Réport 


Histor \ 51 year old white male farmer was admitted to the University Hos 
pital on February 12, 1949, with the complaint of a productive cough, shortness of 

* Received for publication June 24, 1950 

From the Departments of Medicine, Pathology and Radiology, University Hospital, 
Baltimore, Maryland 
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breath and weight loss of five months’ duration. He had been treated by one of us 


(E. J. C. H.) in July, 1942, at which time he complained of periumbilical pain of 
several years’ duration, occasional bright red blood in his stools and weight loss of 
13 pounds. A gastrointestinal series showed no significant abnormality. Because 
about the terminal ileum, an exploratory laparotomy was performed 
No abnormality was encountered and the appendix was removed 


tion of the chest at this time revealed a normal chest 


of tenderness 
Roentgen examina 


In 1943 the patient was again seen because of epigastric pain, which was present 
most of the time but partially relieved by the intake of food 


Another gastrointes 
tinal series showed 


a gastric ulcer on the lesser curvature This did not respond to 








Fic. 1. Roentgenogram taken on March 3, 1947, 
hitration in the base 
Patient wa 


showing an unexplained area of in- 
of the right lung and an clevation of the right side of the diaphragm 
asymptomatic at the time of this examination 


medical management after three months’ trial, so a subtotal gastrectomy was 
formed 


pe 1 
The microscopic examination of the ulcer showed no evidence of malig 
In 1944 a hemorrhoidectomy was done because of rectal bleeding. 

Che patient complained of epigastric pain again in 1947, but two upper gastro 
intestinal series revealed no abnormality. Roentgen examination of the chest on 
March 3, 1947, revealed an area of stringy infiltration in the base of the right lung, 
accompanied by a slight elevation of the right hemidiaphragm. This was thought 
to be an area of atelectasis. No clinical symptoms or physical findings referable to 
the chest were present at that time. Because of poor health he retired from farm 
work in 1947 but continued to live on the farm 


nancy 
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On July 10, 1948, at Gartield Memorial Hospital in Washington, D. C., a routine 
roentgen-ray examination of the chest revealed areas of homogeneous infiltration in 
the periphery of the right upper lobe base and in the base of the left lung. 

In October, 1948, he developed an acute illness characterized by chills, fever 
and cough. He was told by his family doctor that he had “virus pneumonia.” 
lreatment with penicillin and sulfadiazine was followed by prompt subsidence of the 
chills and fever, but he continued to cough up small amounts of thin white sputum 


2. Routine roentgenogram taken on July 10, 1948, showing an area of homogeneous 
infiltration in the base of the right upper lobe and in the base of the left lung 
' 


(he cough persisted and gradually increased in severity. There was a gradual in 
crease in the amount of sputum, with no change in its character. He developed 
vague substernal pain with radiation to the right and left anterior chest. His weight 
fell from 150 pounds to 120 pounds during this illness and he was markedly weak, 
though able to be up. 

In January, 1949, he experienced intense epigastric pain and was admitted to a 
hospital near his home for nausea and vomiting. He was transferred to Garfield 
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\lemorial Hospital in Washington, D. C., and thence to the University Hospital 
Physical Findings: Physical examination showed an emaciated white male in 

marked respiratory distress. The respirations were loud and gurgling. He coughed 

frequently, bringing up a slightly yellowish frothy sputum which was strikingly like 


Fic. 3. Roentgenogram taken on February 3, 1950, showing a homogeneous consolida 
tion of the right upper lobe and a partial consolidation of the right middle and lower lobe 
and of the left upper lobe 


soapsuds. There was no cyanosis. The finger tips were clubbed. Though mark 
edly dyspneic, he was most comfortable flat in bed. Elevation of the head of the 
bed caused increase in the respiratory distress. His temperature was 98.6° F. (rec 
tal) ; pulse, 85; respirations, 32, and blood pressure 102 mm. Hg systolic and 70 mm 
diastolic. Other positive physical findings were limited to the lungs. There was 
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dullness of the percussion note at both bases and at the right apex. Rhonchi and bub 
bling rales obscured the breath sounds throughout both lung fields. 

Laboratory Findings: Roentgen examination of the chest on February 3 and 
February 12, 1949 revealed a homogeneous consolidation of the entire right upper lobe 
ind partial consolidation of the right middle and lower lobes and of the left upper 
lobe 

Admission laboratory studies on February 12 showed a normal urinalysis. Ex 
amination of the blood revealed a hemoglobin content of 13.6 gm. with 5,200,000 red 
blood cells per cu. mm. The white blood cells numbered 13,100 per cu. mm., with 
a differential count of 84 per cent neutrophils, 11 per cent lymphocytes, 3 per cent 
monocytes and 2 per cent eosinophils. 

Blood chemical studies revealed a blood urea nitrogen of 25 mg. per cent and a 
total protein of 6.31 gm. per cent. Serum agglutinations for typhoid, paratyphoid 
ind brucella showed no significant titer levels. The serologic test for syphilis was 


Gross specimens of the lungs showing the dense nodular and confluent areas 
is in the right lung and the upper lobe of the left lung. The lower lobe of 
atelectatic The right lung weighs 1,600 gem. and the left one 700 gm 


negative. The sputum showed a few gram-positive cocci and an occasional pus cell 
Cultures of the sputum showed a light growth of gamma streptococci. Smears, cul- 
tures and guinea pig inoculations of the sputum were negative for tubercle bacilli 

Course in Hospital: The patient was in marked respiratory distress throughout 
his hospitalization, despite continuous administration of oxygen by tent. He was 
afebrile until the fourth hospital day, when he had a temperature elevation to 101.4 
F. (rectal). He became wildly delirious and fought the oxygen tent. He developed 
marked cyanosis and died on the fifth hospital day 

Autopsy Findings: The important autopsy findings were limited to the lungs 
and pancreas 

Lungs: Gross findings. The pleura over both lungs was thickened and numerous 
freshly organized pleural adhesions were present throughout each pleural cavity 
About 50 c.c. of blood-tinged fluid were in the right pleural cavity and about 75 cx 
of flaky greenish fluid in the left 
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The right lung weighed 1,600 gm. and measured 21 by 18 by 15 cm. It was 
emphysematous and extended across the midline of the thorax. The entire right 
upper lobe was densely infiltrated by a white fleshy tumor-like mass. A_ smaller 
portion of the middle and lower lobes was also densely infiltrated by the same process 
A small amount of normal appearing lung was present about the periphery of these 
two lobes 

lhe left lung weighed 700 gm. The entire left upper lobe, except for its extreme 
apex, was densely infiltrated by a fleshy tumor mass identical to that in the right 
lung. The left lower lobe was small and markedly atelectatic, with fusiform bronchi 
ectasis of the bronchi 

Microscopic findings: Vhe normal alveolar pattern was maintained, but the alveoli 
were all lined by a single layer of tall, nonciliated, mucus-producing, columnar cells 
Che columnar cells had an eosinophilic cytoplasm and oval basophilic nuclei, which 
were basally located. They were lined perpendicular to the basement membrane and 
lid not invade the interstitial tissue, lymphatics or blood vessels. Many papillary 
folds of the lining cells projected into the alveolar lumen. Large degenerate bodies 
were present in the cytoplasm of some of these cells. In some areas the alveoli 
contained large numbers of nonpigmented macrophages and isolated lining columnar 
cells, and many others were filled with an acute inflammatory exudate. The alveolar 
septae were slightly thickened and infiltrated with lymphocytes. The bronchi were 
normal, except in the left lower lobe, where they were dilated and lined by a slightly 
hyperplastic pseudostratified epithelium. A marked interstitial fibrosis surrounding 
the bronchi obliterated the regional alveoli and contained focal collections of lympho 
cytes 

Pancreas: Gross findings: The pancreas weighed 125 gm. and had normal glandu 
ar architecture. There was no evidence of induration, neoplasia, hemorrhage ot 
necrosis 

Microscopic findings: The normal lobular architecture was preserved. ‘There 
was hyperplasia of the islet cells, in which there was a tendency towards acinar for 
mation. The acini and pancreatic ducts were normal 


REVIEW OF LITERATURE 


Etiology: The etiology of pulmonary adenomatosis is unknown. Many 
theories have been advanced. The question of whether the disease is an inflam 
matory or neoplastic one arises. Until the present, the most commonly accepted 
theory was that the disease was inflammatory due to a specific virus or a non 


specific pulmonary irritant. However, no specific virus has been cultured fron 
iny of the reported cases, but hyperplasia of the alveolar lining does occur in 
response to a wide assortment of chronic pulmonary irritants 


The neoplastic theory of origin is now more widely accepted. Certain patho 
logic findings, such as the presence of metastases and the local occurrence of car 
cinomatous changes and their resemblance to reported cases of alveolar cell car 
cinoma, in licate a true neoplastic process. 

Pathology: Pathologic changes in pulmonary adenomatosis are confined al 
most entirely to the lungs. The lungs are large and voluminous and do not col 
lapse. The surface is smooth or nodular. They are quite firm and heavy, and a 
single lung may weigh as much as 1,700 or 1.800 gm. On cut section, the adeno- 
matous areas are white or pinkish and extremely fleshy in appearance. Between 
the nodular or confluent areas of adenomatosis, areas of edema and congestion are 
found. In some cases the portions of the lobes not involved by the alveolar cell 
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hyperplasia are often practically airless, with fusiform dilatation of the bronchi. 
Fresh fibrinous adhesions and small granular fibrin deposits are usually found 
on the pleural surfaces. The pleural cavities often contain a small amount of 
serosanguineous fluid. 

Microscopically, the normal alveolar pattern of the lungs is maintained. How 
ever, the alveoli are lined by a single layer of tall, mucus-producing, columnar 
epithelial cells which in most cases form papillary folds into the alveolar lumen. 
In a case reported by Swan '* and another by Paul and Ritchie," there were areas 
in which the alveoli were lined by cuboidal as well as columnar cells. In Paul 
and Ritchie’s ™ case the columnar cells were ciliated. The alveolar lining cells 
are usually uniform in appearance, with only infrequent evidence of mitosis. In 
a few cases the cells lose all attributes of differentiation and become invasive and 
anaplastic 

The interalveolar connective tissue is usually slightly thickened, with an in- 
filtration of neutrophils, lymphocytes and macrophages. The alveoli contain 
large numbers of phagocytes and epithelial cells. In many cases an acute inflam- 
matory exudate is present. 

In reviewing the literature Swan '* found 27 cases reported since 1941 which 
fulfilled his criteria for adenomatosis. Of these 27 cases, 15 showed definite evi- 
dence of metastasis. He reported nine new cases, three of which showed metas 
tasis. In most of the cases the metastatic adenomatous cells were found in the 
perivascular lymphatic channels and regional lymph nodes. However, metastases 
were found in bone, brain, liver and pleura. 

Symptomatology and Clinical Findings: The onset is usually insidious and 
marked by symptoms of an acute respiratory infection. Dyspnea and cough are 
the most prominent symptoms, and they were present in all of the reported cases 
In 50 per cent of the cases, dyspnea was the most distressing symptom. The 
dyspnea is due to an interference of gaseous exchange through the hyperplastic 
alveolar lining cells and the accumulation of a thick tenacious sputum in the 
bronchi. The dyspnea is often out of proportion to the roentgen changes. The 
cough is often of two to three years’ duration and, though frequently dry at first, 
later becomes productive of a copious amount of watery mucoid or soapsuds-like 
sputum. This sputum is a very characteristic finding. The sputum is negative 
for acid-fast bacilli and other constant invaders. Hemoptysis is occasionally a 
late finding. Repeated attacks of acute pneumonia are common, and this is an 
important diagnostic finding. Other frequent symptoms, which have no specific 
diagnostic importance, are a loss of weight, anorexia and cold sweats. The most 
consistently found physical findings are a clubbing of the fingers and toes and 
cyanosis of the nails and mucous membranes. The chest is usually asymmetrical, 
with a limited expansion and an inspiratory retraction of the ribs. There are 
often increased resonance, tactile fremitus and signs of pleural effusion. The 
white blood count is usually increased. 

The disease may occur at any age but is most common in the carcinoma age 
period. Cases are reported in patients between the ages of 21 and 79 years, with 
in average age of 47 years. The sexes are about equally represented. The dis- 
ease is usually of about nine months’ duration. One patient had persistent symp- 
toms two and one-half years before death 
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Roentgen Changes: Roentgen changes in pulmonary adenomatosis are not 
characteristic. However, according to Paul and Ritchie,’ the pulmonary lesions 
fall roughly into two groups or more, commonly a combination of the two: (1) 
\ large area or areas of soft, rather homogeneous infiltration, resembling that of 
an inflammatory consolidation. The area or areas are not usually lobar in 
distribution but are often extensive and bilateral, and involve most of the lung 
fields. Atelectasis is not a prominent feature and is important in ruling out bron 
chogenic carcinoma when the disease is limited to one lung. Terminally, clinical 
signs of infection are encountered and the diagnosis of pneumonia is most often 
made. (2) Small, soft, patchy, nodular, widely disseminated areas of infiltration 
These patchy areas are usually ill-defined and often confluent. They are scattered 
throughout both lungs. This type of lesion may simulate metastatic carcinoma, 
tuberculosis, bronchopneumonia, sarcoidosis, silicosis, coccidioidomycosis and 
Hodgkin’s disease. (3) A combination of these two types of pulmonary lesions 

Therapy: Therapy for pulmonary adenomatosis has been entirely symptomatic 
Wood and Pierson '* did a lobectomy on a case with only radiographic involve 
ment of the right lower lobe. However, the patient died five months later with 
generalized pulmonary involvement, which included mediastinal nodes, and wide- 
spread metastatic lesion from carcinoma of the cervix. Swan'* reports a case, 
treated by pneumonectomy, who died six months later with a massive pleural ef 
fusion. No autopsy was performed on this case, but there was no clinical evidence 
of recurrence. In another case reported by Swan," the patient was treated by 
lobectomy and was still surviving two vears later, with no clinical evidence of 
further involvement 

No evidence of the use of roentgen therapy was found. However, since the 
cells are so well differentiated, it is unlikely that irradiation will be of much benefit 
except in those cases in which anaplasia and other evidences of malignancy have 


developed 
I isc USSION 


The clinical, pathologic and roentgen findings in this case of pulmonary adeno 
matosis are similar to those of other reported cases. However, there are three 
unusual findings in our case: (1) unexplained roentgen changes in the lungs two 
vears prior to death; (2) the presence of large, faintly stained homogeneous bodies 
in the cytoplasm of many of the alveolar lining cells, and (3) the hypertrophy of 
the islet cells of the pancreas, with a tendency toward acinar formation. In none 
of the cases reviewed were there demonstrable roentgen changes in the lungs two 
vears prior to death. The latter two findings have each been previously reported 
in single cases. Norris® found large homogeneous bodies in the cytoplasm of 
the alveolar lining cells in a case of adenomatosis occurring in a guinea pig, 
and Alexander and Foo Chu? found an adenoma of the islet cells of the pancreas 
in their case. 

A clinical diagnosis of pulmonary adenomatosis should be suspected in cases 
with: (1) a chronic pulmonary disease in which there are repeated attacks of 
acute pneumonia; (2) a nonspecific patchy or homogeneous infiltration on the 
roentgenogram, and (3) the production of a large amount of thin, watery, mu- 
coid, “soapsuds-like” sputum. 
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SUMMARY 


\ case of pulmonary adenomatosis and a brief review of the literature on this 


lisease are presented 


ADDENDUM 


Since the acceptance of this article for publication, C. A. Good et al. have reported upon 
12 cases of alveolar cell tumors of the lung seen at the Mayo Clinic. In this article the 
authors stressed the cytologic examination of the sputum and bronchial secretions as a 
valuable aid in the detection and diagnosis of alveolar cell tumors. Cytologic examination 
of the sputum and bronchial secretions was performed in six of their 12 cases. Positive 
results were reported in four of the six cases examined and in retrospect one of the cases 
reported as negative would at the present time be reported positive. In two of the four 
cases that were reported as showing the presence of neoplastic cells it was suggested that 
these cells were of the alveolar cell type 
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CORONARY EMBOLISM (INTRA VITAM DIAGNOSIS) AND 
NECROTIZING RENAL PAPILLITIS: CASE REPORT * 


By Arruur S. Giusuien, M.D., F.A.C.P., Martin D. Rerrer, M.D., Aspinwall, 
Pennsylvania, and HERMAN Fiscuer, M.D., Clarksburg, West Virginia 


MASSIVE coronary embolism is an uncommon occurrence which usually pro- 
duces sudden death. When death is delayed, coronary embolism is seldom sus 
pected ; and, if the patient survives, the diagnosis cannot be proved. In few re 
ported cases have electrocardiograms following coronary embolism been made, 
and in only one of these was the correct diagnosis made during life.’ 

In the case presented, the appearance of electrocardiographic signs of myo 
cardial infarction and complete auriculoventricular block during the course of 
septicemia, in a diabetic aged 24 years, permitted the diagnosis of coronary em- 
holism, which was confirmed at necropsy. Unexpected findings at autopsy were 
necrotizing renal papillitis, which is rare at this age, and intercapillary glomerulo- 
sclerosis, which is uncommon in young persons with diabetes of short duration 


Case REPORT 


\ 21 year old white male was inducted into the Army in January, 1946. One 
month later he was hospitalized for a minor ailment and was found to have diabetes 
mellitus. He was subsequently admitted to Aspinwall Veterans Hospital in May, 
1946, for control of diabetes, and in October, 1947, and September, 1948, for ulcer of 
i toe. During these admissions the patient disregarded dietary restrictions and 
control of the diabetes proved difficult; an average of 50 units of an insulin mixture 
was required daily. The heart was normal on physical and roentgenographic ex 
amination. Blood pressure was 105/75, 130/90 and 118/98 mm. Hg on the first, 
second and third admissions, respectively. In October, 1947, bilateral diabetic 
cataract was found. The urine persistently showed albumin (averaging a “trace” 
during the first admission, 1 plus during the second, and 2 plus during the third), and 
occasional pus cells and erythrocytes. Plasma proteins, blood non-protein nitrogen 
ind urinary concentrating power were normal. When not in the hospital, the patient 
took insulin but did not adhere to the diet prescribed. 

The final admission, at the age of 24, began on March 8, 1949. Five weeks 
previously, the patient had developed shaking chills, which recurred every second day ; 
severe headache, which recurred daily, and persistent vomiting. He continued to 
take insulin. A few days before entry, pain in the hips and knees appeared. There 
had been no preceding ulcerations or sore throat 

On admission, the patient was acutely ill. The temperature was 99.6° F., rising 
a few hours later to 103.6° F. A soft apical systolic murmur was noted. Blood 
pressure was 130/90 mm. Hg. During hospitalization fever persisted, the heart 
became larger, the apical systolic murmur louder, and a systolic blowing murmur 
became audible at the aortic area; petechiae appeared, and blood cultures yielded 
numerous colonies of Staphylococcus aureus hemolyticus. A diagnosis of acute bac 


* Received for publication March 27, 1950 

From the Medical and Laboratory Services, Veterans Hospital, Aspinwall, Pennsylvania 
and the University of Pittsburgh School of Medicine. 

Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are the result 
of their own study and do not necessarily reflect the opinion or policy of the Veterans Ad- 
ministration 
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terial endocarditis was made. An electrocardiogram on March 10 showed sinus 
tachycardia. On the night of March 13 the temperature was 106.0° F.; the cardiac 
rhythm was irregular, with ventricular rate of 118 per minute and a pulse deficit 
An examiner, believing auricular fibrillation to be present, administered 1.2 mg. 
digitoxin intravenously. An electrocardiogram the following morning showed sinus 
tachycardia at a rate of 143 per minute, complete auriculoventricular block, idioven 
tricular rhythm from a nodal pacemaker at a rate of 93 per minute, and evidence of 
recent posterior myocardial infarction. A diagnosis of coronary embolism was made. 
The patient received no more digitalis. Electrocardiograms on March 15 and 16 
showed complete auriculoventricular block; on March 18, coronary sinus rhythm with 
PR interval of 0.08 second; and on March 19, 21 and 24, normal sinus rhythm with 
PR intervals of 0.33, 0.28 and 0.28 second, respectively. Representative tracings are 


Ill Vz 





Fic. 1. Electrocardiogram on March 10 shows sinus tachycardia. Subsequent electro- 
cardiograms reveal evidence of posterior myocardial infarction. On March 14 there is 
complete auriculoventricular block with ventricular rate of 93 per minute; on March 18, 
coronary sinus rhythm, and on March 24, partial auriculoventricular block 


shown in figure 1. Unipolar extremity leads (not reproduced) confirmed the diag- 
nosis of posterior myocardial infarction. ST segment deviations became more pro- 
nounced. Blood pressure ranged from 120/75 to 130/80 mm. Hg. The patient at 
no time complained of chest pain. 

The urine showed glucose, albumin in small amounts, small to moderate numbers 
of erythrocytes and pus cells, and occasional casts. Blood non-protein nitrogen on 
admission was 42 mg. per 100 c.c., but rose terminally to 134 mg. per 100 c.c. Serum 
albumin measured 2.9 gm. and globulin 3.5 gm. per 100 c.c. on the day before death 

lreatment included penicillin, caronamide, sulfadiazine, streptomycin, aureomycin 
and parenteral fluids. The diabetes was controlled with insulin. Blood cultures 
became sterile and the temperature remained normal after March 23, but the patient 
vomited repeatedly, became very edematous and failed steadily. He died on March 
26, the nineteenth hospital day 
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Autopsy (pertinent findings): The heart weighed 400 gm. On the aortic valve 
cusp overlying the right coronary orifice was a large, fungating vegetation. The 
right coronary artery was occluded, 6 mm. from its origin, by an elongated red em 
bolus with pus at its distal end. The other coronary arteries contained patchy 
atheromata which did not compromise the lumina. Fully half of the posterior portion 
of the interventricular septum was comprised of patchy, yellow-white areas, some 
with dark red borders, all fairly firm (figure 2). The left ventricular wall measured 
15 to 18 mm. in thickness. Blood taken from the heart was sterile on culture 





Fic. 2. Heart showing lesion of aortic valve and septic myocardial infarction 
I 


lhe kidneys (figure 3) were swollen, the left weighing 200 gm., the right 250 gm 
Their surfaces were a mottled yellow-red. The pelves and calyces contained pus 
he tips of the pyramids were black and necrotic. An area of hemorrhage was seen 
in the upper calyx of the leit kidney, and small abscesses were found on the outer 
surface of the lower pole of the right kidney. The ureters were normal. ' 

The lungs were edematous and showed patchy areas of bronchopneumonia. The 
spleen, which weighed 225 gm., was soft and contained two abscesses. The legs were 
edematous. Each pleural cavity contained approximately 500 c.c. and the abdominal 
cavity approximately 3,000 c.c. of clear yellow fluid. The other organs were not 
remarkable 

On microscopic examination, the heart showed multiple small abscesses in which 
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bacteria were seen; there was marked fragmentation of the surrounding myocardial 
hber \ section through the right coronary artery showed the lumen to be filled by 


i recent embolus The aortic valve cusp showed a relatively avascular fibrinous 


vegetatior witl occasional clumps ot polymorphor uclear le ukocvtes and some 
bacteria 


\ section through the tip of a renal papilla (figure 4) showed a sharply demar 


ated zone of necrosis with degeneration of tubules, interstitial edema and com 


parative lack of cellular exudate There were a few capillaries with hyalinized 
thrombi. Some of the tubules in the papilla were filled with degenerating leukocytes 
Chroughout the cortex, there were uniformly severe hyaline thickening and degenera 
tion of the arterioles, with severe endothelial swelling frequently all but occluding 
the lumina. Some glomeruli were hvalinized and surrounded by areas of fibrosis and 


I 





s. J Kidney sl ing necrotizing papillitis and inflammatory reaction of pelvi 
atrophic tubules; others showed thickening of the basement membrane of the capil- 
laries and capsule, sometimes with simplification of the tufts, and were bloodless; 


some glomeruli were intact and congested; some showed an excess of polymorpho 
nuclear leukocytes. A few glomeru!i showed nodular hyalinization of the peripheral 
tufts such as is seen in intercapillary glomerulosclerosis (figure 5). One sectior 
showed a large cortical abscess; the interlobular artery at the apex of the abscess 
showed severe panarteritis and marked intimal fibrosis, and one branch was com 
pletely occluded by an organized thrombus. The proximal convoluted tubules uni 
formly showed severe vacuolar degeneration and swelling. The interlobular and 


arcuate arteries, except for the one instance, showed little or no thickening 
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Fig. 4. Photomicrograph showing necrotizing renal papillitis 


The pancreas showed very few islets. Many acini were dilated, contained inspis 
ated secretion and showed flattening of the epithelium 


Disc USSION 


lhe scant number of reported cases of gross coronary embolism hardly re 
flects the true incidence of this occurrence.2 A review of approximately 60 
proved (and hence fatal) reported cases gives a probably distorted view of the 
course following gross coronary embolism, but it is significant that, although most 
of the patients died suddenly and often instantaneousiy, some lived for several 
days after the onset of chest pain, and in six previous cases, as well as our own, 
there was no chest pain, although death occuyred gradually. How often recovery 
occurs following coronary embolism is not known, but probable instances have 
been reported ;*:* and now that bacterial endocarditis, the condition most com 
monly giving rise to coronary embolism, is no longer invariably fatal, such re 
coveries may be more common. Since gross embolism may be symptomless,* it 
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Fic. 5. Photomicrograph showing intercapillary glomerulosclerosis 


follows that patients with bacterial endocarditis should have electrocardiograms 
taken frequently and, if coronary embolism is suspected, massive doses of anti 
hiotics should be given to try to prevent the development of myocardial abscesses 
and mycotic aneurysm 

In the case presented there was no chest pain at any time, but the electrocardio 
graphic signs of myocardial infarction in a young person with bacterial endo- 
carditis suggested the diagnosis of coronary embolism. Complete auriculoven- 
tricular block due to coronary embolism has not heretofore been reported. It 
seems unlikely that the block was due to digitoxin. The rapid ventricular rate 
in the presence of complete heart block was probably due to the high fever. The 
presence of pus at the distal end of the occluding lesion confirmed its embolic 
character. The survival for 12 days after signs of myocardial infarction ap- 
peared is noteworthy. 


Recent studies have established that necrotizing renal papillitis is an 


extremely serious and not uncommon complication in diabetics, but it is said to 
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be “exceedingly rare” in patients under 40 years of age.* Ischemia of the pyra 
mids is believed by some *: * to be an important factor in the development of the le 
sion, and in our patient the severity of renal vascular disease was striking. Inter 
capillary glomerulosclerosis might also tend to decrease pyramidal blood flow. Lo- 
calization of necrosis to the tips of the papillae, as was found in this case, is un 
common, and especially so among diabetic patients;* perhaps antibiotics may 
have hindered the development of more widespread lesions 

Intercapillary glomerulosclerosis is likewise an unusual pathologic finding in 
individuals under 30 years of age,* and is more apt to occur in persons with dia 
betes of long duration.*:'° It is still not known how long a time is required for 
the development of this lesion, but its presence in a young person with diabetes of 
presumably two years’ duration is evidence that intercapillary glomerulosclerosis 
may develop rapidly 

SUMMARY 


\ patient aged 24 years, with diabetes mellitus of two years’ duration, de 


veloped acute bacterial endocarditis. A diagnosis of coronary embolism was 
made when electrocardiographic signs of myocardial infarction and complete heart 
block developed, although the patient had no chest pain. Autopsy revealed 
septic myocardial infarction due to coronary embolism and, in addition, necrotizing 
renal papillitis and mild intercapillary glomerulosclerosis. The significance of 


these findings is discussed briefly 
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KALA-AZAR (VISCERAL LEISHMANIASIS): REPORT OF A 
CASE WITH 34 MONTH INCUBATION PERIOD 
AND POSITIVE DOAN-WRIGHT TEST * 


By HerMan H. Stone, M.D., Riverside, California, Cuarces D. Toor, M.D., 


and WiitraM S. Puacstey, M.D., Oklahoma City, Oklahoma 


Since World War II there have been numerous reports of the occurrence o 
kala—azar in service men returning from endemic areas in the Mediterraneat 
coastal countries,’ ?**°»** India and North China.*** To our knowledge 
here has been no report of a case contracted within the United States. 


lhe minimal incubation period in 22 cases reviewed by the authors varied be 


tween one*' and 23* months. Ecker and Lubitz" state that it may vary trom 


wo weeks to more than a year, with an average of from two to four months 


I 1 


the difficulty in determining the exact time of inoculation and the frequenth 


nsidious onset of the illness 

Significant diagnostic features of the disease include fever and chills of obscure 
rigin,’: * * 5. 6 7, 8 * occasional double or triple daily rise of temperature,’ 
tendency to remarkably little prostration until late in the course of the dis 


ease,” **" increased serum globulin and 


a decreased serum albumin.’ 


enlarged liver *:*' ind /or spleen 6, 8 , * with evidence of hyper 


, including mild to moderate anemia, odhialt + 9% 10, 12,18 leukopenia * 
resendaciat and thrombocytopenia. Hemorrhagic phenomena may 
occur as a result of the latter.‘ 


lhe tollowing case is presented because of its unusually long incubation pe 


riod, the positive Doan-Wright test,’* *° indicating hypersplenism, the modified 


culture medium emploved in isolating the organism, and the differential diagnostix 


problem involved 


REPOR1 


4 2) year old veteran was admitted to the Veterans Administration Hospital, 
Oklahoma City, Oklahoma, March 


or postocular headaches, which had occurred in the afternoon for approximately one 


2 
23 


1949, for treatment of chills and fever. Except 


1 apparently well until October, 1948, five months before his admis 


ime he first noticed mild epigastric distress in the midmorning and 
ibed as a “rumbling and feeling of hunger.” This discomfort was 


; lwo or three weeks later he began noticing weakness in the 
afternoon le thought he had a fever but did not take his temperature. On two 
occasion weakness was so pronounced that he stopped work and went to bed 


\ few da iter a severe chill occurred. His afternoon weakness and fever con 


* Recei 1 for publication lanuary 14, 1950 

From tl lical Service, Veterans Administration Hospital, Oklahoma City 
Oklahoma 

Rev in the Veterans Administration and published with the approval of the Chiet 
Medics irector [he statements and conclusions published by the authors are the result 
t their own study and do not necessarily reflect the opinion or policy of the Veterans 
Administration 


However, the length of the incubation period is often only presumptive, because 
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tinued. Three weeks after the first chill a second chill occurred. A third such attack 
appeared one week after that. He entered a local hospital and a clinical diagnosis 
He was given oral quinine, atabrine and, later, intramuscular 


of malaria was made 
He left the hospital and consulted another physi 


quinine, without noticeable effect 
ian, who began a series of four arsenical injections on the basis of a clinical diagnosis 
of malaria. The injections were not completed, it was said, because of technical difh 
culties. The patient consulted a third physician, who examined a peripheral blood 
r and diagnosed malaria. He started treatment with quinine and atabrine. Slight 


the patient continued 


ita 
temporary improvement in subjective symptoms occurred, but 
to have chills almost daily 
l-pistaxis occurred on three occasions at night Night sweats were prominent 
from ¢ On March 23, 1949, bright red blood was seen in the stool. He then 


recalled having seen occasional dark, tarry spots in the feces two weeks previously 


{ 
I 
} 


onset 


He lost 15 pounds of weight during the first month of his illness 

His record shows that he had served two years in the Mediterranean theater 
from February 1, 1944, to January 12, 1946. While in Italy he spent two months 
n Bari, two months in Caserta, three months in Foggia, and six months in a camp 
mutside of Naples. He was apparently well at the time of discharge from service on 
lanuary 30, 1946 

Physical Examination; Examination revealed a pale, poorly nourished, chroni 
cally ill white male, appearing his stated age of 25. The eye, ear, nose and throat 
examination, including funduscopic, was normal Che teeth were poorly kept, but 
Wael Ww ¢ ll developed 


there was no evidence of gum infection or bleeding The chest 
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Fic. 1. Positive Doan-Wright test for hypersplenism, illustrating temporary increase 
in blood elements following adrenalin injection. Graphed in percentage of initial counts 
(red cells, 3,500,000; white cells, 1,450; platelets, 60,000) 
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and symmetrical. Expansion was equal bilaterally. Percussion and auscultation 
were normal. ‘The cardiac apex impulse was felt 2 cm. to the left of the midclavicular 
line in the fifth interspace. Heart sounds were normal. The blood pressure was 


120 mm. Hg systolic and 85 mm. diastolic. There was a visible fullness in the left 


upper quadrant of the abdomen. The spleen was palpable and firm and extended 


to the level of the umbilicus. The liver was palpated two fingerbreadths below the 
costal margin in the right midclavicular line The external genitalia, rectum and 
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Fic. 2, A and B. Leishmania donovani in culture. Note variations in size and shape, 
with transitions from the Leptomonas form to others more resembling the Leishman-Donovan 
bodies often seen in spleen and marrow cells. The kinetoplast at the blunt anterior end, with 


its flagellum, is evident. Tendency to formation of agglutination rosettes may also be 
observed. 1 and 2, 1,400 x; 3 and 4, 900 X, oil.) 


prostate were normal. The lymph nodes were not noticeably enlarged 
skeletal system was grossly normal. Neurologic examination was negative 

Laboratory: On admission his red blood count was 3,000,000 
1,700 (a letter from | 


The musculo- 


his white count 


lis doctor reported a white blood count of 8,000 on March 21 
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1949) ; the hemoglobin was ¥.5 gm.; a differential count was reported as 3 per cent 
juvenile neutrophils, 2 per cent stabs, 30 per cent segmented forms, 57 per cent lym 
phocytes and 8 per cent monocytes ; the platelet count was 148,000. The sedimentatior 
rate was 116 mm. per hour (Westergren method). No malarial parasites were seen 
on repeated examination of the blood and sternal marrow. The icterus index was 6 
Red cell fragility was reported as within normal limits. The mean corpuscular vol 
ume was 103 cu. 4; the mean corpuscular hemoglobin, 32 micromicrograms \ 
cephalin flocculation test was reported 4 plus in 48 hours. Agglutination tests for 
typhoid, paratyphoid, brucellosis, tularemia, heterophil antibodies, Proteus OX-19, 
and Proteus OX-2 were all negative. Serum albumin was reported as 3 gm., and 
serum globulin, 5.7 gm. per 100 ¢.c. A serum diagnostic test with Neostibosan * 
trongly positive. No antimalarial therapy had been given recently. Urinalysis was 
negative, except for a trace of albumin. Chest roentgenogram showed a normal heart 


Was 


and lungs, except for a slight increase in peribronchial markings in the right base 
Flat film of the abdomen showed splenic enlargement, with indistinct left psoas margin 
ind depression of the splenic flexure of the colon 

Course in Hospital: During the first week of hospitalization a daily double rise 
of temperature was noted on three occasions. The temperature ranged from 97° to 
105° F. The pulse rate varied between 80 and 100 per minute. The white blood 
count on the fourth hospital day reached a low of 700 per cu. mm., with 50 per cent 
neutrophils and 30 per cent lymphocytes. Thereafter, until treatment was begun, the 
white blood count remained between 1,200 and 2,400 

Because of the extreme leukopenia and the patient's serious illness, he was given 
enicillin and later sulfadiazine and sulfamerazine prophylactically and empirically 
\ consultant ordered aureomycin on the same basis, but the patient did not respond 
to any of these drugs. His temperature continued. The diagnosis of kala-azar was 
considered, but no organisms could be found in studies of the bone marrow smears 
On April 4, 15 days after admission, the serum albumin was 3.2 gm. and globulin 
7.5 gm. per 100 cc. On April 6, small petechiae were noted in the conjunctiva and 
on the soft palate. Examination at that time revealed a systolic murmur at the left 
third interspace 

Because of the splenomegaly and the panhematopenia, an adrenalin test for hyper 


plenism, using a modified Doan and Wright procedure,'*: *° was performed on April 
8. After baseline counts had been determined, 1 ¢.c. of 1:1,000 adrenalin was ad 

ministered subcutaneously. A complete blood count was done every 20 minutes for 

one and one-half hours. The red count rose to 125 per cent, the platelet count to 
150 per cent and the neutrophil count to 318 per cent of the baseline pre-test counts 
See figure 1.) This was considered a positive test for hypersplenism. 

On the day of the adrenalin test, and for a week thereafter, the temperature ros« 
igain and reached daily peaks of from 103° to 104.6° F. 

On April 19, 1949, another sternal puncture was done and a culture of the mar 
ow was made, using a special modification of NNN medium. On April 28, thirty 
lays after admission, the culture was reported as positive for Letshmania donovani 
(figure 2). Subsequent search of the bone marrow smears revealed Leishman 
Donovan bodies there 

rhe patient was treated with Neostibosan, beginning with 0.1 gm. the first day, 
0.2 gm. the second day, and 0.3 gm. daily thereafter until a total of 3 gm. was given 
lhe medication was started intramuscularly but, because of local discomfort, was 
continued by the intravenous route. Six days after the treatment was started the 


* Neostibosan—brand of ethylstibamine (organic pentavalent antimony complex), Win- 
il Company, Ir 


throy Cher 








CASE REPORTS 691 


temperature returned to normal and remained normal throughout “the remainder of 
his hospital stay. On May 8, ten days after treatment was started, the laboratory 
reported 3.2 gm. serum albumin and 5.3 gm. serum globulin per 100 c.c 

By June 1, physical examination showed marked improvement in color, strength 
and vigor. The spleen was palpated two fingerbreadths below the costal margin but 
was not tender. The red blood count was 4,370,000; white count, 6,400; hemoglobin, 
12.5 gm. The platelet count at that time was 110,000, as compared to 50,000 to 
60,000 at the beginning of treatment. The petechiae had disappeared 

By July 21, 1949, three months after treatment, the patient had gained 17 pounds 
and felt well. During the seven weeks following his discharge from the hospital his 
appetite had been good. There had been no complaints referable to the abdomen, 
and no fever. Physical examination revealed normal heart and lungs. The abdomen 





Graphic presentation of red and white counts, total protein, albumin and globulin 
leterminations before and during the period of treatment and convalescence 


vas soft There was no tenderness, and the spleen could not be felt rhe red blood 
count at that time was 4,100,000; white count, 5,000; hemoglobin, 11.5 gm. Differ 
ential revealed 50 per cent neutrophils and 48 per cent lymphocytes Platelet count 
was 110,000. Sedimentation rate (Westergren) was 63 mm. per hour. Cephalin 
flocculation test at that time was 4 plus in 48 hours. Icterus index was 8 

At the time of his last reéxamination on September 7, 1949, four months after 
completing treatment, he had maintained his weight at 150 pounds. He felt well, 
had a good appetite and was working every day. Physical examination was essenti 
ally negative. Red blood count was 4,400,000, with 14.5 gm. of hemoglobin. The 


white blood count was 8,900, with 78 per cent neutrophils and 28 per cent lymphocytes 


Platelet count was 130,000, and sedimentation rate was 13 mm. per hour. Urinalysis 
revealed a trace of albumin but was otherwise negative. There were 4.3 gm. serum 
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ilbumin and 3.4 gm. serum globulin per 100 c.c. Cephalin flocculation test showed 
only a trace in 48 hours. Figure 3 summarizes the response to therapy 


DISCUSSION 


his patient was admitted to the hospital for management of chills and fever 


of undetermined origin. Previous diagnoses of malaria had been made, one 
physician reporting a positive blood smear. The patient had not responded to 
several courses of antimalarials. The diagnosis of malaria could not be confirmed 
at this hospital 

Because of the large spleen and the low white count, granulocytopenia, leu- 
kemia, Hodgkin's disease, kala-azar and primary splenic neutropenia were con- 
sidered diagnostic possibilities 

The bone marrow cytology and differential count were essentially normal 
No nodes were available for biopsy. The positive Doan-Wright test was con- 
sidered good evidence for splenic neutropenia, although the differentiation be- 
ween primary hypersplenism and secondary hypersplenism could not be proved. 
\ serum diagnostic test for kala-azar with Neostibosan was reported positive. 
However, no Leishman-Donovan bodies were seen on early examinations of bone 
narrow smears 

The patient was presented at staff meeting and it was felt that the most prob- 
able diagnosis at that time was that of a splenic neutropenia. It was suggested 
that penicillin be continued prophylactically. Further blood cultures, bone mar- 
row smears and cultures, and trial therapy of aureomycin were suggested. Sul- 
fonamides, penicillin and aureomycin were equally unsuccessful in affecting the 
temperature 

On April 28, 1949, one month after admission and six months after onset of 

vmptoms, a bone marrow culture was reported positive for L. donovani. Two 
cultures were run in parallel. One was the usual NNN medium made with «e 
fibrinated rabbit blood; the other was prepared with defibrinated blood from the 
patient. Positive culture was obtained only from the latter. Lloyd, Napier and 
Paul, quoted by Strong,”' feel that the high globulin and low albumin of the blood 
serum is favorable to the growth of the organisms. 

Treatment with a single course of Neostibosan (total dose, 3 gm.) was success- 
ful, and subsequent examinations to four months following treatment have shown 
no evidence of recurrence. 

Laboratory proof of the diagnosis was of primary importance, as definitive 
treatment was then possible and a splenectomy was avoided. Later it proved to 
be of considerable economic value to the veteran in obtaining service connection in 
the face of the unprecedented incubation period 


SUMMARY 


1. A case of kala-azar (visceral leishmaniasis) is presented. 
2. A minimal incubation period of 34 months is recorded. 
3. A positive Doan-Wright test for splenic neutropenia was obtained. 
Parallel bone marrow cultures were negative on regular NNN medium, 
positive on modified NNN containing defibrinated blood from the patient. 

5. Successful treatment with a single course of Neostibosan (3 gm.) was 
indicated by a four month follow-up period 


+ 
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HEMOSIDEROSIS AND THE PARENTERAL ADMINISTRATION 
OF IRON 


lH extensive deposition of hemosiderin granules in the cells of the liver 
and other organs is known to occur in three clinically distinct pathologic 
states: In idiopathic hemochromatosis, in severe malnutrition with pellagra 
as observed in South African negroes, and following repeated transfusions 
of blood. It now seems certain that this may also be brought about by the 
excessive or protracted parenteral administration of iron. As commercial 
preparations of iron are now available which can be administered intra 
venously in effective doses without causing immediate severe reactions, the 
possible harmful effect of such pigment promises to become a question of 
immediate practical importance. 

There are sharp differences of opinion as to the direct pathogenic effects 
of hemosiderin, and a final answer can not yet be given. Some conclusions 
may be drawn, however, from a study of these pathologic states and trom a 
consideration of what is known regarding the metabolism of iron. Recent 
experiments using iron labeled with radioactive isotopes have done much to 
clarify the latter problem and have confirmed many of the fundamental 
observations of Whipple and other earlier workers 

The amount of iron in the average daily diet, about 10 to 15 mg., is 
minute compared with the total amount in the body, about 4.5 gm., the bulk 
of which is in the hemoglobin of the red cells. The body has become adapted 
to this situation by a mechanism which tenaciously retains the iron after its 
absorption. There is no effective means by which an excess of iron can be 
excreted, and appreciable amounts are lost only as a result of hemorrhage or 
pregnancy. Such losses doubtless explain the rarity of hemochromatosis 
in women. The small amount lost in the feces (believed to be about one 
milligram per day) probably comes largely from desquamated epithelium 
and is replaced by absorption of a corresponding amount, and usually no 
more, from the food. 

Iron is absorbed in the ferrous state, mainly in the proximal part of the 
duodenum. After entering the mucosal cell it is oxidized to the ferric state 
and combined with a specific crystallizable protein, apoferritin, to form 
ferritin. Iron in this form does not give the prussian blue reaction. Fer 
ritin is also found in the cells of the liver and many other tissues and nor 
mally constitutes the bulk of the stored iron in the body. 

To satisfy the needs of the tissues and replenish the stores, iron is given 
up by the ferritin in the mucosal cell and (supposedly in the ferrous state ) 
passes into the blood where it combines with another specific protein, 
siderophilin, a 8; globulin present in Cohn’s fraction IV~7. ‘This is the 
only known vehicle for the transport of iron, and it also carries the traces 
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of copper present in the blood. Normally the amount of iron in the plasma 
is about 100 y per cent. The siderophilin is capable of carrying 300 y per 
cent and is only a third saturated. In the tissues iron is taken up by the cells 
where it may be immediately utilized or stored as ferritin 

The body is normally protected from an excess of iron by limitation of 
its absorption. It would be tempting to assume that the concentration ot 
iron in the plasma was the factor controlling absorption, but this has proved 
not to be the case. Thus Dubach et al.’ have shown that neither increasing 
the amount of siderophilin by preliminary injections nor saturating the 
siderophilin by intravenous injection of iron alters the rate of absorption of 
radioiron subsequently administered orally. The rate of absorption varies 
with the amount of iron stored in the tissues, not with the concentration in 
the plasma or the degree of anemia, if any. The control is exercised in the 
intestinal mucosal cells, the “mucosal block.” Here precise information 
ends, but one may speculate (Granick*) that the amount absorbed varies 
with the degree of saturation of the cell with ferritin and with the rate of 
discharge into the blood. The latter may be stimulated by anoxia resulting 
from anemia, but the correlation with the degree of anemia is not close 
Anemia caused by acute hemorrhage in a normal animal does not increase 
the rate of absorption until sufficient time has elapsed to permit depletion 
of the be “ly stores 

Although the control so exercised is relatively effective, it appears not 
to be so nearly perfect as has often been assumed. Dubach et al." admin 
istered radioiron orally in a dose of 1 mg. per Kg. and measured the amount 
unabsorbed in the feces as well as that appearing in the red blood cells. That 
not accounted for was presumed to be stored in the tissues. In normal 
subjects the amount absorbed was small (10 to 20 per cent) and the amount 
not accounted for was usually within the range of experimental error. In 
chronic hypochromic anemia much larger amounts were absorbed, and the 
bulk was quickly utilized. In cases of refractory anemia, however, the 
amount absorbed was often significantly although not grossly larger than 
the small amount appearing in the hemoglobin. This was also true in one 
patient with hemochromatosis, who absorbed 20 per cent of the dose but 
utilized only 2 per cent. It seems, therefore, that in some pathologic states 
abnormal stores of iron may accumulate from excessive absorption because 
of an ineffective mucosal block 

After transfusions of blood the iron in the hemoglobin is liberated when 
the cells eventually disintegrate, and what is not utilized immediately is 
stored as ferritin. When the cells become saturated with ferritin, additional 
iron appears as hemosiderin, which gives a positive prussian blue reaction 
Hemosiderin appears first in the Kupffer cells and other reticuloendothelial 

1 Dubach, R., Callender, S. T. E., and Moore, C. V.: Studies in iron transportation and 
metabolism. VI. Absorption of radioactive iron in patients with fever and with anemias of 
varied etiology, Blood 3: 526-540, 1948 


2 Granick, S.: Iron metabolism and hemochromatosis, Bull. New York Acad. Med. 25: 
403-428, 1949 
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cells, only later in the parenchymal cells of the liver and other tissues, con- 
trary to what is believed to occur in hemochromatosis. When many trans 
fusions are given and no notable bleeding has occurred, very large amounts 
accumulate, and the cells may become as distended with granules as in hemo 
chromatosis. Many such cases (at least 40°) have been reported, chiefly 
pernicious anemia (before liver preparations), other types of refractory 
anemia and chronic leukemia. 

When radioiron is injected intravenously in relatively small doses (Finch 
et al.*), it is removed from the circulation in a few hours, much of it in the 
liver where it is stored as ferritin. In hypochromic anemia this is quickly 
mobilized, and it can be detected in circulating red cells within 24 hours 
The bulk of the radioiron is so utilized, a large part within two to three days. 
In refractory anemia and diseases with depressed function of the marrow, 
increasing the supply of iron does not stimulate the production of hemoglobin, 
and but little radioiron appears in the circulating cells. 

Little is known regarding the late results of the parenteral administra- 
tion of large doses of iron in man, since the preparations hitherto available 
caused prohibitively severe toxic reactions. More recently, however, Nissim 
et al.® have perfected a preparation of ferric hydroxide combined with sucrose 
which is highly effective therapeutically and is virtually nontoxic intra- 
venously in doses up to 200 mg. Their results have been confirmed both 
in Great Britain and in this country, notably by Brown et al.* and by Holly.* 
Such preparations promise to be of practical value in selected cases of hypo 
chromic anemia. If this preparation is given in large amounts to cases of 
refractory anemia, however, as is likely to be the case, it will merely over- 
load the tissue cells and almost certainly cause hemosiderosis. This is in 
dicated by the experiments of, among others, Polson ‘ in rabbits, of Chappel * 
in mice and rats and of Brown et al.* in dogs, and by one observation of 
Holly of the liver of a patient examined by biopsy two months after the 
administration of about 1.4 gm. of iron. Although the parenchymal cells 
of the liver and some other tissues of these animals were loaded with hemo- 
siderin, none showed cirrhosis or fibrosis of the liver or pancreas, and the 
dogs remained clinically healthy during a period of observation of 15 months. 
The absence of fibrosis might be due, however, to the relatively short dura 
tion of the experiment as compared with the decades required for the de- 
velopment of hemochromatosis in man. 

* Brown, E. B., Moore, C. V. et al.: Saccharated iron oxide intravenously in hypo- 
chromic anemia, J. A. M. A. 144: 1084-1089, 1950. 

* Finch, C. A., et al. Utilization of intravenous radioactive iron, Blood 4: 905-927, 1949 

5 Nissim, J. A.: Intravenous administration of iron, Lancet 2: 49-51, 1947. 

Nissim, J. A., and Robson, J. M.: Intravenous treatment of anaemia with an iron- 
sucrose preparation, Lancet 1: 326-327, 1949. 
_ © Holly, R. G.: Intravenous iron: Evaluation and use of saccharated iron oxide in iron 
deficiency states in obstetrics and gynecology, Blood 6: 1159-1172, 1951. 

* Polson, C. J.: The failure of prolonged administration of iron to cause haemochro- 

matosis, Brit. J. Exper. Path. 14: 73, 1933 


* Cappell, D. F.: The late results of intravenous injection of colloidal iron, J. Path. and 
Bact. 33: 175, 1930 
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The crucial point as to the potential danger of such treatment is whether 
or not the hemosiderin itself is directly injurious to the tissues and is the 
exciting cause of the cirrhosis and diabetes. Little help in determining this 
has been obtained from a study of hemochromatosis. The diagnosis has 
rarely been made until the terminal stages when the damage has already been 
done. That hemosiderin is directly harmful to the tissues is plausible and 
is commonly believed, yet in hemochromatosis there is no close correlation 
between the amount of hemosiderin in a tissue and the degree of fibrosis. 
In certain tissues such as the chief cells of the stomach, the cells may be 
regularly stuffed with granules, yet show no detectable anatomical or func 
tional alteration. In the pancreas, on the other hand, there may be marked 
fibrosis with severe diabetes, yet relatively little pigmentation. Neither 
malnutrition, a history of an ill balanced diet nor anemia is encountered in 
hemochromatosis except as an incidental complication. The most plausible 
explanation at present seems to be a disproportion between the amount ot 
iron absorbed and that utilized.’ An average excess of 2 to 3 mg. per day 
would suffice to produce the stores found in these cases. The lack of an 
effective mucosal block may be one manifestation of a constitutional meta- 
bolic anomaly. The amount of copper and of certain other minerals stored 
is also increased. The occasional familial occurrence of the disease like 
wise gives some support to this view. 

Extensive siderosis, often accompanied by cirrhosis, has been described 
by Gillman et al.’ in malnourished South African negroes with pellagra who 
have subsisted on a diet largely of corn meal, and they have produced a 
similar condition experimentally by feeding this diet to young rats. There 
was neither significant anemia nor evidence of increased hemolysis in these 
cases and none had received transfusions. The Gillmans apply the term 
cytosiderosis to this condition, since they believe the pigment does not come 
from hemoglobin. They made a careful study by serial biopsies of the liver 
in many subjects and by examination of autopsy material from victims of 
accidental death. As the disease is common in this economic group, such 
material was abundant. They described three types or stages of hepatic 
lesions: (1) Fatty infiltration, without an increase of iron; (2) small to 
large amounts of cytosiderin (hemosiderin) confined to the parenchymal 
cells; and (3) similar parenchymal siderosis with pigment also in the portal 
tracts and Kupffer cells and histiocytes. Cirrhosis may be present in any 
one of these types. It was most frequent and usually most marked in the 
third type, with lesions closely resembling those in hemochromatosis, but 
there was no good correlation between the degree of fibrosis and cirrhosis 
and either the amount of pigment or the age of the patient and the presumed 
duration of the disease. 

* Gillman, J., et al.: A comparison of chemical and histological estimations of the iron 
and copper content of the livers of Africans in relation to the pathogenesis of cytosiderosis 
and cirrhosis (haemochromatosis), South African J. M. Sc. 10: 109-136, 1945 


Gillman, J., and Gillman, T.: The pathogenesis of cytosiderosis (haemochromatosis) 
as evidenced in malnourished Africans, Gastroenterology 8: 19-23, 1947 
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In these cases, the hemosiderin appears first in parenchymal cells and 
only later in the reticuloendothelial cells, in contrast to what happens in 
transfusion siderosis. They advance evidence to show a disturbance of 
intracellular metabolism, describe the appearance of fluorescent substances 
in the affected cells, and believe that the iron is derived from the breakdown 
of oxidative ferments and other cytoplasmic constituents, particularly the 
mitochondria, and accumulates because, when so liberated, for some un- 
known reason the iron can not again be utilized. They doubt whether the 
cytosiderin is even a contributing factor in producing cirrhosis. 

Others have suggested that excessive absorption of iron occurs because 
of a deficiency of phosphorus in the diet of these Africans, and that the 
relatively abundant iron available comes from their cooking utensils. 

Conclusions as to the etiology of hemochromatosis or the harmlessness 
of the hemosiderin granules can be drawn from these observations only 
with great caution, since the etiologic factors, the multiple dietary deficiencies 
producing cytosiderosis, are not operative in this country. Although the 
lesions in the terminal stage are similar, the pathogenesis may be quite 
different. 

A study of the reported cases of transfusion siderosis (reviewed by 
Schwartz and Blumenthal’? and more recently and sketchily by Brown 
et al.*) reveals both similarities to and differences from hemochromatosis, 
and it probably represents more nearly what might be anticipated from the 
reckless administration of iron. The quantity of hemosiderin found has 
varied greatly, depending primarily upon the number of transfusions and the 
duration of the illness. In some the amount was huge and quite com- 
parable to that in hemochromatosis. In some cases the excess of iron could 
be accounted for by the blood administered, but in many it has been much 
greater, even 10 to 20 times as great (Chesner "'), and excessive absorption 
must also be assumed, as in hemochromatosis. 

In the more marked cases some degree of fibrosis of the liver and of 
siderosis and fibrosis of the pancreas and other organs is usual. Typical 
portal cirrhosis of marked degree in uncommon, however, and diabetes is 
rare. Marked pigmentation of the skin is much less common than in hemo- 
chromatosis, but it does occur, and in Kark’s patient ** who had received 
290 transfusions in 9 years the pigmentation also involved the mucous mem- 
branes and the teeth. These differences, however, might be due to the 
shorter duration of the illness. As in hemochromatosis, there is no close 
correlation between the degree of siderosis and the fibrosis. Furthermore, 
other factors associated with the severe underlying disease, such as anoxia 
and intercurrent infection, undoubtedly contribute to the tissue injury. 

Schwartz, S. O., and Blumenthal, S. A.: Exogenous hemochromatosis resulting from 
blood transfusions, Blood 3: 617-640, 1948 

'tChesner, ( Hemochromatosis. Review of literature and presentation of a case 
without pigmentation or diabetes, J. Lab. and Clin. Med. 31: 1029-1936, 1946. 

12 Kark, R. M.: Two cases of aplastic anaemia. One with secondary haemochromatosis 


following 290 transfusions in nine years, and the other with secondary carcinoma of the 
stomach, Guy's Hosp. Rep. 87: 343-353, 1937 
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That hemosiderosis may make an individual vulnerable is suggested by 
the patient of Humphries and Southworth,"* a woman who was cured of a 
severe refractory anemia by removal of a mediastinal tumor after receiving 
many transfusions for 22 months. After a year of apparently normal health, 
she incurred an infection of the thigh which failed to heal and after a few 
weeks became severely ill with jaundice and ascites and died apparently of 
hepatic insufficiency. The autopsy, inadequately reported, showed enlarge- 
ment of the liver and extensive hemosiderosis of the liver, pancreas and 
other organs, which was interpreted as hemochromatosis. 

That hemosiderin is directly harmful is strongly suggested by the ob 
servations of Davis et al.’* in three cases of hemochromatosis treated by 
numerous frequent venesections, with removal of from 4 to 7 pints per month 
for periods up to two years. The plasma was reinjected to avoid depleting 
the plasma proteins. They noted a very rapid restoration of the red cell 
count, indicating that the hemosiderin could be utilized. The patients were 
all subjectively improved. There was improvement in hepatic function 
and a “return toward normal” of the carbohydrate metabolism. Serial 
biopsies of the liver showed diminution of the amount of pigment and “im 
provement in the appearance of the cirrhosis.” Confirmation of this on an 
adequate scale would brand the hemosiderin as definitely harmful 

One may conclude that even marked degrees of siderosis may cause little 
or no immediate disturbance of function of the cells affected. It seems 
probable that the hemosiderosis is not the sole cause and may not be the 
major cause of the fibrosis, which undoubtedly can secondarily injure the 
secreting cells. That the siderosis may be an important aggravating factor 
has not been disproved, however, and there is considerable evidence that it 
is eventually harmful. Overloading the tissues with iron, therefore, incurs 
a potential danger which should be avoided. Iron should not be given 
intravenously to patients with refractory anemia because they are refractory 
on oral administration, but only to those who have a hypochromic anemia 
with iron deficiency. It should not be given in a quantity materially greater 
than is needed to replace this deficiency, as calculated from the amount of 
hemoglobin and the probable blood volume. With this precaution, intra- 
venous administration of iron should be valuable in a small selected group 
in whom iron orally administered is disturbing or poorly absorbed, and in 
the later stage of pregnancy, when rapid replenishment of the iron stores 
is important 


. Wee Ges 


Humphries, G. H., and Southworth, H.: Aplastic anemia terminated by removal of 
1 mediastinal tumor, Am. J. M. Sc. 210: 501-510, 1945. 
14 Davis, W. D., Jr., and Arrowsmith, W. R.: The effect of repeated bleeding in hemo- 
chromatosis, J. Lab. and Clin. Med. 36: 814-815, 1950. ( Abstract.) 




















REVIEWS 


Les Stimulines Hypophysaires. By ANvré Lematre, Florian Devparre and J. P. 
Micuarp. 174 pages; 17 X 25cm. Masson and Cie, Paris. 1951. Price, 750 fr. 


An admirably concise and accurate account of our present knowledge concern 
ing the hypophysis. The treatment is synoptic but surprisingly thorough and com- 
plete with all of the essential facts about the hypophysis included and the current 
theories regarding hypophyseal function well presented. In short it is the sort of 
thing for which the French are justly famous and which, when they do it well, they 
do with consummate skill. The physiological approach is used throughout and the 
development is logical and clear. The book is highly recommended to all who want 
to broaden their understanding of how this vital part of the endocrine system works. 
Chere are chapters on the rdle of the hypophysis in pathology, the rdle of the hypo- 
physeal hormones in hematopoiesis, their relation to carcinogenesis and their place 
in therapy. A well selected bibliography of over 300 titles includes most of the 
significant papers which have appeared in the field during the past 20 years. The 
few diagrams in the text are excellent and clearly and simply show the complex web 
of relationships which exists between the hypophysis and the other glands of internal 
secretion. There is no index 

rhe various chapters of the book cover methods for hypophysectomy, the effects 
of hypophysectomy, the rdle of the individual hypophyseal hormones, methods for 
their assay and isolation and an account of their chemical properties. Included in 
this last is an excellent summary of the interesting chemical differences between LH 
in swine and sheep. A chapter on antihormones is also included. The discussion 
of the factors controlling the rate of secretion and release of the hypophyseal hor- 
mones is particularly good and is presented from the viewpoint of the clinician who 
is interested in the possible application of this knowledge to practice. Certainly no 
one today should use these compounds without some realization of how their presence 
or absence affects the activity of other glands of internal secretion. 

One of the best sections of the book is a review of the relationship between the 
hypophysis and the hypothalamus and a consideration of the means whereby the hypo 
thalamus can influence the hypophysis. Increasing recognition is being given to 
the fact that the hypothalamus not only controls the posterior lobe but may very well 
n some animals and under certain conditions influence the anterior lobe besides, par 
ticularly in regard to the release of ACTH and possibly certain of the gonadotrophic 
hormones, particularly LH. The discussion makes it quite obvious that environ 
mental factors such as light, temperature and sexual excitement can influence the 
level of hypophyseal hormones in the blood. Obviously the spatial limitations of the 
book impose a dogmatic approach and on occasion some of the statements made 
appear rather sweeping in their implications. The hypothesis that the release of 
\CTH depends upon the action of adrenalin upon certain hypothalamic nuclei seems 
to be accepted without question. The so-called negative feed back principle is not 
neglected but perhaps it deserves more emphasis particularly in respect to the rela- 
tionship between the thyroid and the hypophysis. The authors are quite correct 
in pointing out that we know nothing about how the secretion of growth hormones is 
regulated in spite of the fact that their metabolic réle is becoming increasingly im- 
portant. All in all the book is a welcome and useful addition to the ever growing 
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The Approach to Cardiology. By Cricuton Bramwe.t, M.A., M.D., F.R.C.P. 
122 pages; 25 16 cm. Oxford University Press, New York. 1951. Price, 


$3.75. 


The author, who is Professor of Cardiology in the University of Manchester in 
England, is perhaps best known to American readers for having joined auctorial 
hands across the sea with Dr. John T. King in the coauthorship of Principles and 
Practice of Cardiology. 

For the past several years, in order to bridge the uncomfortable gap between 
preclinical and clinical studies, a series of 70 lectures has been given to students at 
Manchester during their first six months in the wards. This book is based on some 
of the author's lectures that formed part of this series. It is therefore written 
primarily for medical students and is designed to illustrate the application of knowl 
edge gained in the laboratory to the study of patients in the wards 

The subjects covered are as follows: The Clinical Approach, Cardiac Enlarge- 
ment, Valvular Lesions, The Pulse, Cardiac Arrhythmias, Heart Failure, The Aetiology 
of Heart Disease. There is no doubt that the author admirably achieves his purpose 
“to illustrate some of the fundamental general principles of cardiology in relation 
to the pre-clinical sciences.” The text is lucid and simple, and amply and excellently 
illustrated. The section on the pulse contains much that is important yet not com 
mon knowledge on the dynamics of the pulse wave and the blood pressure. 

The important subject of triple rhythms is not as well discussed or illustrated 
as most of the topics, and this section may well lead to confusion in the student 
reader's mind. One is disappointed to find circus movement again accepted without 
question in the account of the arrhythmias, when its existence has been so emphatically 
disputed and even disproved in recent years. And perhaps the concepts of high and 
low output failure might with profit have been more fully developed in the chapter 
devoted to failure 

Against a background of general excellence these criticisms are minor, and no 
student could help but benefit from carefully reading and rereading the contents of 
this brief introduction to clinical cardiology 


H. J. L. M 


Children’s Radiographic Technic. By Forrest E. Suurtierr, R. T., Children’s 
Medical Center, Boston, Massachusetts. 80 pages; 18 X 265 cm. Lea & 
Febiger, Philadelphia. 1951. Price, $3.75. 


This book is briefly written in four chapters covering equipment and accessories, 
children’s radiographic positions, special radiographic procedures and technic charts 
It is written as a supplement to the many texts on radiographic technic and should 
not be used as a replacement for these 

Che material presented is of value mainly to pediatricians and physicians who 
have had no special training in radiology and who do their own radiographic work 
rhe procedures outlined differ only slightly from those used in most general hospitals 
and are of little value to the radiologist. Methods of handling uncodperative children 
for the various procedures are discussed, but in general they consist of having ade 
quate personnel for immobilization ’ 

From the radiologist’s standpoint, the niost valuable portion of the book is the 
section containing the tables of technical factors, which have been developed by the 
iuthor from his wide experience in pediatric radiographic technic 


J. M.D 
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Gynaecological Endocrinology for the Practitioner. 2nd Ed. By P. M. F. Bisnor 
D.M. (Oxon.) 132 pages; 1912.5 cm. The Williams and Wilkins Company, 
Baltimore. 1951. Price, $3.00 


This handbook should serve as a ready reference for the general practitioner 
It brings to date the most acceptable endocrine interpretation of gynecological dis- 
orders. 

The chapter on steroid chemistry is of minimal interest to those for whom the 
book is designed. This space might better be devoted to more elaborate discussion 
of the menopause and its therapy. 

rhe therapeutic schedules outlined in the appendix are useful as a guide, but are 
not applicable in the management of all individual patients. 

The chapter on infertility, though well written, does not accurately belong in a 
text whose theme is endocrinology 


W. K. D 
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3o0ks received during December are acknowledged in the following section. As 
far as practicable those of special interest will be selected for review later, but it is 
not possible to discuss all of them 


Adrenal Cortex: Transactions of the Second Conference, November 16-17, 1950, 
New York, N.Y. Edited by Evatne P. Ratir, Department of Medicine, College 
of Medicine, New York University, New York, N. Y. 209 pages; 23.5 x 15.5 
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Antibiotic Therapy. By Henry Wercu, Ph.D., Director, Division of Antibiotics, 
Food and Drug Administration, Federal Security Agency of the United States 
Government, and Cuartes N. Lewis, M.D., Medical Officer, Division of Anti- 
hiotics, Food and Drug Administration, Federal Security Agency of the United 
States Government; foreword by Cuester S. Keerer, M.D., Wade Professor 
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ardiac Pain. By Seymour H. Rinzier, M.D., F.A.C.P., Adjunct in Medicine and 
Cardiovascular Research Unit, Beth Israel Hospital, etc. 139 pages; 22.5 

14.5 cm. 1951. Charles ¢ Thomas, Publisher, Springfield, Illinois. Price, 

$3.75 

ardiolipin Antigens: Preparation and Chemical and Serological Control. By Mary 
C. Pancrorn, Ph.D., F. Mactaner, Ph.D., V. N. Tompkins, M.D., T. Beecner 
M.D., W. R. Thompson, Ph.D., and Mary Rost Frynn, Division of Labora- 
tories and Research, New York State Department of Health, Albany, N. Y. 63 
pages; 24 X 16 cm. (paperbound). 1951. World Health Organization, Geneva; 
Agents for U.S.A.: Columbia University Press, International Documents Service, 


New York, N. ¥ Price, $1.00 


Conference on Problems of Aging: Transactions of the Thirteenth Conference, Febru- 
ary 5-6, 1951, New York, N. Y. Edited by Natuan W. Snock, Chief, Section 
on Gerontology, National Heart Institute, National Institutes of Health and The 
Baltimore City Hospitals, Baltimore, Md. 194 pages; 23.5 15.5 cm. 1951 
Sponsored by the Josiah Macy, Jr. Foundation, New York. Price, $4.00 
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A Course in Practical Therapeutics. 2nd Ed By Martin Emit Renruss, M.D., 
F.A.C.P., Professor of Clinical Medicine and Sutherland M. Prevost Lecturer 
in Therapeutics, The Jefferson Medical College, Philadelphia, etc., and ALIson 
Howe Price, A.B., M.D., Associate Professor of Medicine, The Jefferson Med- 
ical College, Philadelphia, etc. 938 pages; 29 22.5 cm. 1951. The Williams 
& Wilkins Company, Baltimore. Price, $15.00 


Differentialdiagnostische Symptomatologie. By Proressor Dr. Mep. WERNER 
Cater. 640 pages; 24.517.5 cm. 1951. Georg Thieme Verlag, Stuttgart; 
Agents for U.S.A.: Grune & Stratton, Inc., New York. Price, Ganzleinen DM 
69.-— 


Disorders of the Heart and Circulation. Edited by Rosert L. Levy, M.D., Professor 
of Clinical Medicine, College of Physicians and Surgeons, Columbia University 
etc. 944 pages; 25.5 18.5 cm. 1951. Thomas Nelson & Sons, New York; 
available from The Williams & Wilkins Company, Baltimore. Price, $12.00. 


Expert Committee on the International Pharmacopoeia: Report on the Eighth Ses- 
sion, Geneva, 19-28 April 1951—World Health Organization Technical Report 
Series No. 43. 35 pages; 2416 cm. (paper-bound). 1951. World Health 
Organization, Geneva; Agents for U.S.A.: Columbia University Press, Interna 
tional Documents Service, New York, N. Y. Price, 25: 

Factors Regulating Blood Pressure: Transactions of the Fifth Conference, February 
15 and 16, 1951, New York, New York. Edited by BENJAMIN W. ZwWEIFACH 
and Epuraim Suorr, Department of Medicine, Cornell University Medical Col- 
lege, New York, New York. 238 pages; 23.5% 15.5 cm. 1951. Sponsored by 
the Josiah Macy, Jr. Foundation, New York. Price, $3.75 


Formulary and Therapeutic Guide. R. Gorpon Dovcias, Chairman; Donato A 
CiarRKE, Secretary; NorMAN Baker, Henry Barnett, McKeen Carre t, 
Hersert Conway, Cary Eccieston, AuGust GrorscHEL, VASSAR JOHNSON, 
VERNON Knicut and Ape Mirnorat. 355 pages; 19.5 12.5 cm. 1951. Ap- 
pleton-Century-Crofts, Inc., New York. Price, $3.00 


loint FAO/WHO Expert Committee on Nutrition: Report on the Second Session, 
Rome, 10-17 April 1951—World Health Organization Technical Report Series 
No. 44. 64 pages; 24 X 16 cm. (paper-bound). 1951. World Health Organi 
zation, Geneva; Agents in U.S.A.: Columbia University Press, International 
Documents Service, New York, N. Y. Price, 40% 


Kreislaufuntersuchungen am Menschen mit Fortlaufend Registrierenden Methoden. 
By K. Mattrues. 326 pages; 2517.5 cm. 1951. Georg Thieme Verlag, 
Stuttgart; Agents for U.S.A.: Grune & Stratton, Inc., New York. Price, Ganz 
leinen DM 48.- 


Liver Injury: Transactions of the Ninth Conference, April 27 and 28, 1950, New 
York, New York. Edited by F. W. Horrraver, M.D., Department of Medicine, 
University of Minnesota Medical School, Minneapolis, Minnesota. 232 pages; 
23.5 15.5 cm. 1951. Sponsored by! the Josiah Macy, Jr. Foundation, New 
York, N. Y. Price, $3.00. 


Vedical Milestones. By Henry J. L. Marriott, M.D.; Foreword by Str ALEXANDER 
FLemMiInG. 293 pages; 22.5 15cm. 1952. The Williams & Wilkins Company, 
3altimore. Price, $3.50 











704 REVIEWS 


Modern Electrocardiography. Volume 1: The P-Q-R-S-T-U Complex. By EuGEene 
Letescukin, M. D., Assistant Professor of Experimental Medicine, University 
of Vermont College of Medicine; Foreword by Frank N. Witson, M.D., Prof- 
essor of Medicine, University of Michigan Medical School. 598 pages; 26 x 
18 cm. 1951. The Williams & Wilkins Company, Baltimore. Price, $12.00. 


Nerve Impulse: Transactions of the Second Conference, March 1-2, 1951, New York, 
N. Y. Edited by Davin NacuMansoun, M.D., Department of Neurology, Col- 
lege of Physicians and Surgeons, Columbia University. 204 pages; 23.5 x 15.5 
em. 1951. Sponsored by the Josiah Macy, Jr. Foundation, New York. Price, 
$3.50 


Penicillin Decade—1941-1951: Sensitizations and Toxicities. By LAwreENcE WELD 
Smitu, M.D., Medical Director, Commercial Solvents Corporation, and ANN 
Doran Wacker, R.N., Former editor, “Trained Nurse and Hospital Review.” 
122 pages; 22 xX 14.5 cm. (leather-bound). 1951. Arundel Press, Inc., Wash- 
ington, D.C. Price, $2.50. 


Pharmacopoea Internationalis. Volume I. 406 pages; 245165 cm. 1951 
World Health Organization, Geneva; Agents for U.S.A.: Columbia University 
Press, International Documents Service, New York. Price, $5.00. 


Prevention and Treatment of Severe Malnutrition in Times of Disaster: Report ap- 
proved by the Joint FAO/WHO Expert Committee on Nutrition and presented 
to the Fourth World Health Assembly—W orld Health Organization Technical 
Report Series No. 45. 56 pages; 2416 cm. (paper-bound). 1951. World 
Health Organization, Geneva; Agents for U.S.A.: Columbia University Press, 
International Documents Service, New York. Price, 35¢. 


Renal Function: Transactions of the Second Conference, October 19-20, 1950, New 
York, N. Y. Edited by Stantey E. Braptey, Department of Medicine, College 
of Physicians and Surgeons, Columbia University. 178 pages; 23.5 x 15.5 cm 
1951. Sponsored by the Josiah Macy, Jr. Foundation, New York. Price, $3.00 


Report of the Medical Research Council for the Years 1948-1950. Presented by the 
Lord President of the Council to Parliament by Command of His Majesty, July 
1951. 247 pages; 24.515 cm. (paper-bound). His Majesty’s Stationery 
Office, London. Price, 6s 6d net 


Untoward Reactions of Cortisone and ACTH. By Vincent J. Derses, M.D., 
F.A.C.P., Associate Professor of Medicine, Tulane University of Louisiana 
School of Medicine, etc., and Tuomas E. Weiss, M.D., Instructor in Medi 
cine, Tulane University of Louisiana School of Medicine, etc. 77 pages; 
22.5 x 14.5 cm. (limp leather binding). 1951. Charles C. Thomas, Publisher, 
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Springfield, Illinois. Price, $2.2 





COLLEGE NEWS NOTES 


NOMINATIONS FOR A.C.P. Exvective Orrices, 1952-53 


In accordance with provisions of the By-Laws of the American College of Physi 
ians, Article I, Section 3, the following nominations for the elective offices, 1952- 
1953, are herewith announced to the Fellows and Masters of the College: 


President-Elect oes eee is pees LeRoy H. Sloan, Chicago, Ill 
First Vice President....... ; ve: .Walter B. Martin, Norfolk, Va 
Second Vice President ‘ , Charles F. Moffatt, Montreal, Que 
Third Vice President. .. Paul F. Whitaker, Kinston, N. ¢ 


Regular elections will take place at the 1952 Annual Session at Cleveland, Ohio, 
April 24, 1952, the date of the Annual Business Meeting at the Municipal Auditorium, 
general headquarters. 

The election of nominees shall be by the Fellows and Masters of the College. 
(he above nominations do not preclude other nominations made from the floor at the 
Business Meeting. 

Nominations of members of the Board of Regents and Board of Governors will 
be presented at the Business Meeting, as provided in the By-Laws 


Respectfully submitted 
A. B. Brower, Dayton, Ohio 
Chairman, Committee on Nominations 


A.C.P. PostGRADUATE Courses, SPRING oF 1952 


Course 1. GASTRO-ENTEROLOGY: University of California Medical School 
and Stanford University School of Medicine, San Francisco, Calif.; Theodore L 
Althausen, M.D., F.A.C.P., and Dwight L. Wilbur, M.D., F.A.C.P., Directors; one 
week, February 25-March 1, 1952 

Course 2. CURRENT CONCEPTS OF ALLERGY AND ASSOCIATED 
DISORDERS: Washington University School of Medicine, St. Louis, Mo.; Harry 

Alexander, M.D., F.A.C.P., Director; one week, March 3-7, 1952 

Course 3. DISEASES OF THE BLOOD VESSELS: Cornell University 
Medical College and New York Hospital, New York, N. Y.; Irving S. Wright, M.D 
F.A.C.P., Director; one week, March 10-15, 1952 

Course 4. CLINICAL MEDICINE FROM THE HEMATOLOGICAI 
VIEWPOINT: Ohio State University College of Medicine, Columbus, Ohio; Charle 
4. Doan, M.D., F.A.C.P., Director; one week, March 17-21, 1952 

Course 5. INTERNAL MEDICINE: University of Michigan Medical School 
Ann Arbor, Mich.; Cyrus C. Sturgis, M.D., F.A.C.P., Director; one week, April 14 
18, 1952. 

Course 6. ELECTROCARDIOGRAPHY—BASIC PRINCIPLES AND IN 
TERPRETATION: Massachusetts General Hospital, Boston, Mass.; Conger Wil 
liams, M.D., one week, May 12-17, 1952. 

This course is already registered to full capacity and no additional applications 
can be honored. 

Course 7. TRENDS AND NEWER DEVELOPMENTS IN INTERNAI 
MEDICINE: Hahnemann Medical College and Hospital of Philadelphia, Pa.; 
Charles IL. Brown, M.D., F.A.C.P., Director; one week, May 12-16, 1952 
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PHYSIOLOGICAL BASIS FOR INTERNAL MEDICINE: Uni- 


versity of Toronto Faculty of Medicine, Toronto, Ont.; Ray F. Farquharson, M.D., 
F.A.C.P., Director; one week, June 2-7, 1952. 

For course outlines, detailed bulletins, and registration forms address E. R. Love- 
land, Executive Secretary, American College of Physicians, 4200 Pine Street, Phila- 


delphia, 4, Pa 


Territory 


Nebraska | 


Virginia 


District of 
Columbia and 
Delaware 


i 
Maryland 
| 


Kansas 


North Dakota 


New Jersey | 


Mid-West States 


The ¢ ollege 


Emporia 


Grand Forks 


ForTHCOMING A.C.P. REGIONAL MEETINGS 





City Date A.C.P. Governor Special Guest(s) 


LeRoy H. Sloan, 
M.D., Chicago, 
Regent, A.C.P. 


Lincoln | February 23, 1952 


J. D. McCarthy, 
M.D. 


Charles M. Cara- 
vati, M.D. 


Charlottes- February 28, 1952 Pending 


ville 


M. C. Pincoffs, 
M.D.., Baltimore, 
President, A.C.P. 


R. Carmichael 
Tilghman, M.D. 


Baltimore March 1, 1952 


William C. Men- 
ninger, M.D 


M. C. Pincoffs, 
M.D., Baltimore, 
President, A.C.P 


March 21, 1952 


Robert B. Radl, 
M.D. 


September 13, 1952 Pending 


T. Grier Miller, 
M.D., Philadel- 


phia, President 
iad » 


Edward C. Klein, 
Jr., M.D. 


Newark November 5, 1952 


T. Grier Miller, 
M.D., Philadel- 
phia, President, 
A.C.P. E 


Howard Wake- 
field, M.D. 


Chicago November 22, 1952 





Loveland, Execu- 
cutive Secretary 








New Lire MEMBERS 


is gratified to announce that the following Fellows have become Life 


Members of the American College of Physicians since the publication of the last issue 


of this journal: 


Lee E. Sutton, Jr., Richmond, Va 

rheodore Z. Polley, Joliet, III 

Robert van Zandt Bucklin, Saginaw, Mich 
Edward H. Robitzek, Staten Island, N. Y. 
Donald A. Dupler, Philadelphia, Pa. 

Aaron Feder, Jackson Heights, N. Y. 

Ralph T. Warburton, North Canton, Ohio 
Joseph MecMilton Wilson, Dayton, Ohio 
Martin H. Collier, Blackwood, N. ] 


Dr 
Dr 





COLLEGE NEWS NOTES 


Gifts TO THE COLLEGE LIBRARY OF PUBLICATIONS BY MEMBERS 


Dr. Emmet F. Horine, F.A.C.P., Louisville, Ky., has donated two books of his 
editorship, autographed by him, to the American College of Physicians. Each is a 
specimen of the printers art, beautifully printed on antique finish paper and bound in 
Vellum de Lux cloth. Each book has been published in a limited edition. 

“An Inaugural Discourse on Medical Education by Daniel Drake, M.D.” No. 168. 

“Pioneer Life in Kentucky, 1785-1800, by Daniel Drake, M.D.” No. 148. 

Additionally, Dr. Horine sent several reprints of his other publications for the 
College Archives. 

Dr. Noble Pierce Sherwood, F.A.C.P., Lawrence, Kans., has presented the Col- 
lege Library with an autographed copy of his book, “Immunology,” which was pub 
lished by the C. V. Mosby Company. 

The College Library of Publications by Members is maintained at College head- 
quarters. Members frequently present copies of their books to the College and thus 
the Library has become a living memorial to the member-authors 


AMERICAN Boarp oF INTERNAL MEDICINE EXAMINATIONS 


The American Board of Internal Medicine has scheduled the following oral ex- 
aminations for 1952: Cleveland, Ohio, April 17-19; Chicago, Ill., June 5-7; San 
Francisco, Calif., September or October; New York, N. Y., November or December. 

The written examination will be held October 20 in various centers and overseas 
rhe closing date for acceptance of applications for the written examinations will be 
May 1, 1952 


MILWAUKEE HEALTH DEPARTMENT SEEKING PHYSICIANS 


Dr. Virginia Downes, Superintendent, Bureau of Maternal and Child Care, Health 
Department of the City of Milwaukee, Milwaukee 2, Wis., has announced vacancies 
for the following physicians: 


1. Public Health Physician I at a beginning salary of $7,375.00 (if certified in 
preventive medicine or in pediatrics, $7,975.00). The qualifications for this 
position are M.P.H. degree or two years residency in pediatrics 
Physician II at a beginning salary of $6,535.00. Must be interested 
in public health or in pediatrics; no special training requirements are made 
other than eligibility for licensure in Wisconsin; position requires accepting 
responsibility for an area about one-twelfth the size of Milwaukee which in- 
cludes a population of fifty thousand people. 

Public Health Physician II at a beginning salary of $8,575.00; this position in 
the field of school health and requires experience in public health, a degree in 
public healyh, and an interest or experience in school health 


Courses IN DISEASES OF THE HEART AND VASCULAR SYSTEM 


\ series of postgraduate courses in the field of cardiology, electrocardiography, 
peripheral vascular diseases, etc., is scheduled regularly as a part of the educational 
program of the New York University Post-Graduate Medical School and Columbia 
University. They are under the Fellowship Program of the New York State De 
partment of Health, New York City Department of Health and the Medical Society 
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of the State of New York. Several of the Directors are Fellows of the American 
College of Physicians. 

Fellowships for the courses are limited to physicians living in the State of New 
York. Application blanks and detailed information may be obtained from the New 
York State Department of Health, 39 Columbia St., Albany 7, N. Y 


[ur Joint COMMISSION ON ACCREDITATION OF HosPpITALs 


Ihe Canadian Medical Association has joined the Joint Commission on Accredita- 
tion of Hospitals, in addition to the American Medical Association, The American 
College of Physicians, The American College of Surgeons and the American Hospital 
Association. The Canadian Medical Association will have two representatives on the 
Commission, namely Dr. E. K. Lyon of Leamington, Ontario, with Dr. A. D. Kelly, 
Deputy General Secretary of the Canadian Medical Association, acting as alternate 

At a meeting of the Joint Commission at Chicago on December 15, 1951, Dr 
Gunnar Gunderson, a representative of the American Medical Association was made 
Chairman of the Commission, Dr. LeRoy H. Sloan, a representative of the American 
College of Physicians, was named Vice Chairman and Mr. Stuart K. Hummel of 
Joliet, Illinois, was elected Treasurer 


‘Doctor-IN-TRAINING” PROGRAM AT UNIVERSITY OF PENNSYLVANIA 


To implement a new “Doctor-in-Training” program instituted at the University 
of Pennsylvania as an addition to the curricula of its School of Medicine, the Common- 
wealth Fund of New York has awarded a grant amounting to $22,500 annually for 
two years 

Under the “Doctor-in-Training” plan, students in the first year of their medical 
education and extending until graduation, are assigned to individual families in 
Philadelphia area homes, where they serve as family health advisers with close faculty 
supervision. The University of Pennsylvania School of Medicine is said to be the 
tirst American institution of medical learning to initiate such a plan extending through 
four years of medical education 

Organized over two years ago by Dr. John McK. Mitchell, Dean of the School 
of Medicine, the new departure in medical education was devised to provide an op 
portunity for medical students to assume gradually increasing responsibility for the 
medical and related problems of families assigned to the students and followed by them 
in the clinic, hospital and home throughout their four years in medical school. 

Che student-doctor, who is designated as a family health adviser, helps in co 
ordinating the medical care of a given family. At least once a month, he visits the 
family to which he is assigned. All environmental factors are taken into considera- 
tion. Emotional problems as well as physical difficulties are studied at close range 
Where and when circumstances indicate the need of professional services, the student 
doctor reports these facts back to his faculty advisers. At no time does the doctor-in 
training take over responsibility for medical treatment 


Dr. Bernard Sternberg, F.A.C.P., Brooklyn, N. Y., was recently appointed Clin- 
ical Instructor in Medicine by the State University Medical Center at New York City, 
College of Medicine 


Dr. James Campbell (Associate), formerly of Chicago, has been named Dean 
and Professor of Medicine at the Albany Medical College, Albany, N. Y 
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Dr. Francis G. Blake, F.A.C.P., wartime adviser to President Roosevelt on epi- 
demic disease problems, and former Dean of the Yale University School of Medicine, 
has been appointed civilian Technical Director of Medical Research in the Office of 
the Surgeon General, U. S. Army. 

Dr. Blake will serve as expert consultant to Colonel John R. Wood, MC, Chair- 
man of the Army Medical Research and Development Board, in the evaluation of cur 
rent and proposed research projects conducted by Army medical installations and 81 
cooperating civilian institutions. He will be responsible for ensuring close coordina 
tion between the Army’s present $10,079,000 medical research effort and similar pro 
grams sponsored by the other Armed Forces and other Federal agencies. 


WALTER Reep Society ORGANIZED 


Dr. Max Sadove, Head of the Department of Anesthesiology at the University 
of Illinois, was elected Organizing President of the Walter Reed Society at the first 
official meeting of the group held in Los Angeles, Calif., at the close of the American 
Medical Association meetings. 

The society which is sponsored by the National Society for Medical Research is 
comprised of those who have served as “human guinea pigs” in medical research or 
experimentation under the direction of a qualified scientist. It is named in honor of 
Dr. Walter Reed who risked his life in the fight against Yellow Fever and who first 
dramatized the use of the human volunteer in experimental medicine. 

Dr. Sadove has frequently been a “guinea pig’’ and has just recently conducted 
some dramatic experiments with 50 volunteers at the University of Illinois. These 
experiments had to do with artificial respiration studies conducted at the request of 
the Defense Department. As a result of these experiments, a method of artificial 
respiration proved to be the most satisfactory from every standpoint has been officially 
adopted by the Red Cross and all military units. 


St. Mary’s Hospital of Rochester, N. Y., has affiliated with Georgetown University 
College of Medicine, of Washington, to augment its teaching facilities. Fulltime men 
from Georgetown University will visit St. Mary’s Hospital monthly for periods of 
four to five days, and internes and residents will be rotated for brief periods through 
the Georgetown center. The plan also provides for visits of St. Mary's attending 
staff to Georgetown center for short periods for special instruction and observation 
This is a new venture in the field of postgraduate education and is under the direction 
of Dr. Harold Jeghers, F.A.C.P., Professor of Medicine at Georgetown. Dr. Leo F. 
LaPalm, F.A.C.P., is Chief of Staff of St. Mary’s Hospital 


Dr. Leon Hugh Warren, F.A.C.P., has removed from private practice in Phila- 
delphia to accept an appointment with the National Research Council in Washington, 


D. c, 


The North Carolina Regional Meeting of the American College of Physicians 
was held at Durham, December 6, 1951, under the Governorship of Dr. Elbert L. 
Persons, F.A.C.P. Dr. Verne S. Caviness, F.A.C.P., Raleigh, was Chairman of the 
Program Committee and Dr. James P. Hendrix, F.A.C.P., Durham, was Chairman of 
the Committee on Arrangements. Among guests in attendance were Dr. Charles M. 
Caravati, F.A.C.P., College Governor for Virginia, and Dr. Cyrus C. Sturgis, 
F.A.C.P. Ann Arbor, Mich., a Regent of the College. Dr. Sturgis delivered the 
banquet address and discussed a number of the activities of the College at the national 
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and international levels. In attendance were 78 members of the College and 38 
non-members ; a total of 116, an exceptionally fine showing 


Among the Honor Guests at the Spring Clinical Conference of the Dallas 
Southern Clinical Society to be held March 17-20, will be Dr. William B. Castle, 
F.A.C.P., Boston, Mass., Dr. George C. Griffith, F.A.C.P., Los Angeles, Calif., Dr. 
Eugene P. Pendergrass, F.A.C.P., Philadelphia, Pa.. and Dr. Cyrus C. Sturgis, 
F.A.C.P., Ann Arbor, Mich 


Dr. George E. Pfahler, F.A.C.P., Philadelphia, Pa., was awarded the Gold 
Medal of the American College of Radiology at the Annual Meeting of the College 
in Chicago, February 8. This was the 8th Gold Medal Award in the twenty-nine 
year history of the College. Dr. Pfahler served as the first President of the American 
College of Radiology in 1923 


At the Annual Business Meeting of the Omaha Mid-West Clinical Society on 
November 27, 1951, Dr. J. Harry Murphy, F.A.C.P., Omaha, was installed as 
President. At the same time, Dr. Friedrich W. Niehaus, F.A.C.P., Omaha, was 
elected a member of the Executive Committee. Dr. Joseph D. McCarthy, F.A.C.P., 
College Governor for Nebraska, was carried over in his Office as Counselor. 

The Twentieth Annual Assembly of the Society will be held in Omaha, October 
27 to 31, 1952 


Dr. James E. McCormack (Associate), New York, N. Y., was recently appointed 
\ssociate Dean for Graduate Studies and Assistant Professor of Medicine at Colum 
bia University College of Physicians and Surgeons 


Among guest speakers at the International Medical Assembly of Southwest 
lexas, held in San Antonio, January 22-24 were Dr. Henry L. Bockus, F.A.C.P., 
Philadelphia, Pa., “Some Cardiovascular Gastrointestinal Interrelationships”; Dr 
H. Marvin Pollard, F.A.C.P., Ann Arbor, Mich., “Management of Upper Gastro 
intestinal Tract Hemorrhage,” and Dr. George F. Lull, F.A.C.P., Chicago, IIL, 
“What Do I Get for My AMA Dues?’ 


Captain John Ryer Poppen, MC, U. S. Navy, F.A.C.P., Drexel Hill, Pa., retired 
from active Navy duty January 1, 1952. Prior to his retirement, Captain Poppen 
had served as Director of the Navy's newest Aviation Medical Acceleration Labora 
tory located at the Naval Air Development Center, Johnsville, Bucks County, Pa., 
ince November, 1949 

During his more than 35 years Naval service, Captain Poppen has made many 
contributions to the field of naval aviation medicine. He was the first U. S. doctor 
to study the effects of accelerative forces upon pilots and began his research in this 
field in 1934. Among other achievements, he is credited with developmental work 
of the pilot ejection seat and the development of the pilot anti-acceleration belt and 
anti-acceleration suit which enables pilots to withstand greater than normal accelerative 
stress encountered in high-speed flight 


Dr. Charles L. Harrell, Sr., F.A.C.P., Norfolk, Va., has retired from the practice 
of medicine to accept a full-time position as Medical Director of the Tidewater 








e 
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Regional Blood Center of the American Red Cross, with offices at 415 W. York St 
Norfolk, Va. He nas retained his position as Civilian Consultant at the U. S. Naval 
Hospital, and Honorary Consultant to the Norfolk General Hospital. Dr. Harrell 

a Life Member of the College 


4 


Dr. Joseph W. Post, F.A.C.P., was installed January 9 as the 91st President of 
the Philadelphia County Medical Society. Dr. Post succeeds Dr. Louis B. Laplace, 


F.A.C.P 


Dr. Herbert Pollack, F.A.C.P., is scheduled to visit Japan and Korea as Con 
sultant in Nutrition to the Surgeon General of the Department of the Army 


Dr. W. Barry Wood, Jr., Busch Professor of Medicine, Washington University, 
served as Physician-in-Chief pro-tempore at the Peter Bent Brigham Hospital during 
? 


the week beginning January 14, 1952 


Dr. William S. Middleton, F.A.C.P., Dean and Professor of Medicine of the 
University of Wisconsin, addressed the Academy of Medicine in San Francisco at 
their dinner meeting on December 8, 1951 The subject of his address was “The 
Golden Age of Medicine 


Dr. Stacy R. Mettier, F.A.C.P., Professor of Medicine, University of California, 
and Governor of the College for Northern California, is to be President of the San 
Francisco Medical Society for the year 1952 


Dr. William J. Kerr, F.A.C.P., Professor and Chairman of the Division of Medi 
cine, University of California School of Medicine, has been on sabbatical leave of 


al 


sence during 1951 and expects to resume his duties in January, 1952 
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OBITUARIES 
REAR ADMIRAL CLYDE WINDON BRUNSON 


Reat Admiral Clyde W. Brunson, MC, U. S. Navy, District Medical Officer, 
13th Naval District, died of a heart attack while en route to Washington, D. C., on 
December 19, 1951. 

Admiral Brunson was born May 23, 1895, in Pascagoula, Miss. He attended 
the University of Mississippi at Oxford, where he received his B.S. degree in 1915; 
and the University of Pennsylvania School of Medicine, where he received the degree 
of Doctor of Medicine in 1918. 

He was a member of the U. S. Army Reserve from October, 1917, until June, 
1918, when he was commissioned in the Medical Corps of the U. S. Naval Reserve. 
In December, 1920, he transferred to the Medical Corps, U. S. Navy and subsequently 
attained the rank of Rear Admiral to date from April 1, 1951. 

During his naval career he served at many of the naval hospitals in the United 
States and on foreign shores. He served as the Medical Officer-in-Command of the 
Naval Hospitals, Coco Solo, C. Z.; Parris Island, S. C.; Houston, Tex.; and Phila- 
delphia, Pa. 

In August of 1935 he joined the U. S. S. Louisville and served until March, 
1937, when he returned to the United States and was assigned to the Naval Hospital, 
Washington, D. C. In February of 1941 he was transferred to the U. S. Naval 
Hospital, Pearl Harbor, T. H., where he was serving when the Japanese attacked the 
Naval Base there on December 7, 1941. 

He was a member of the American Medical Association and a Diplomate of the 
American Board of Internal Medicine, and had been a Fellow of the American Col- 
lege of Physicians since 1935. 

Prepared by Bureau of Medicine 
and Surgery, Department of the 
Navy. 


DR. EDWARD ANDREW PILLSBURY 


Dr. Edward Andrew Pillsbury, of Frankenmuth, Michigan, died October 9, 1951, 
at the age of 74. He was one of @ few remaining Associates of the College who were 
originally members of the American Congress on Internal Medicine and became As- 
sociates of the College when the Congress was absorbed in 1926. 

Dr. Pillsbury had for many years been on the staff of St. Mary’s Hospital in 
Saginaw, and on the Courtesy Staff of St. Joseph Hospital in Flint, and of the Saginaw 
General Hospital. He graduated from the University of Michigan Medical School 
in 1903, and had practiced General Medicine primarily with a special interest in Dis- 
eases of the Chest. He was a veteran of the Spanish-American War, and a charter 
member of the Frankenmuth State Hospital, of which he was a Director. 


DR. EDGAR JONES 


Edgar Jones, M.D., F.A.C.P., a gentle and quietly inspiring physician and 
scholar, died suddenly of coronary thrombosis in his office at Vanderbilt University 
Hospital in Nashville, Tenn., on October 27, 1951. 

Dr. Jones can be said to have been a true product of the South and one of its 
leaders in medicine. Except for four years which he spent in postgraduate training 
and teaching in the North, he developed at Vanderbilt University School of Medicine 
into one of the South’s foremost hematologists. 
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Born October 20, 1903, in Readyville, Tenn., Dr. Jones received his preparatory 
education in Nashville where in 1921 he entered the College of Arts and Sciences at 
Vanderbilt University. He continued his studies at Vanderbilt and in 1929 he was 
graduated from the School of Medicine. He spent the next year at the Lakeside 
Hospital in Cleveland, as an intern in medicine, and then returned to Vanderbilt 
University Hospital as Assistant Resident in Medicine on the service of Dr. C. Sidney 
Burwell. In the following year he obtained a Josiah Macy Fellowship to work at the 
University of Rochester Medical School in the Department of Medicine with Dr 
William S. McCann. On the completion of this fellowship he was appointed In 
structor in Medicine at Rochester. In 1934 he returned to the faculty of Vanderbilt 
University Medical School. At the time of his death he was Associate Professor of 
Medicine. 

Dr. Jones was an able, well-rounded, versatile clinician and teacher, but his chief 
interest was in hematology. Gradually, in an unassuming fashion, he quietly became 
a recognized authority in hematology. His list of published papers dating from 
1927, when he was a medical student, includes a variety of hematologic subjects in 
addition to other clinical observations. His recent investigations, which were con- 
ducted in association with Dr. William J. Darby, included studies of the fundamental 
nutritional aspects of the macrocytic anemias. Equally as impressive is the list of 
societies in which he held membership. In addition to the American College oi 
Physicians, of which he became a Fellow in 1947, he was a member of the American 
Clinical and Climatological Association, the Association of American Physicians, the 
American Federation for Clinical Research, the Society for Experimental Biology 
and Medicine and the International Society of Hematology 

Above all, Dr. Jones will never be forgotten by his friends, his patients, and his 
colleagues for his complete readiness at any time to place himself unstintingly at their 
service. His relationships with people were warm and it is doubtful if he ever made 
an unkind or slurring remark about anyone. Absolutely regardless of personal in 
convenience and without thought of personal gain, always good-humoredly helpful 
and constructively critical, never too busy when accosted by student or house-officer, 
to him truly the highest compliment can be paid: he was a physician's physician. To 
those who knew him his death is irreconcilable and the loss is irreplaceable. 


F. TREMAINE Bituincs, Jr., M.D., F.A.C.P 
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Cleveland and its fifty-seven suburbs in Cuyahoga County are honored at the 
opportunity to have as their guests the members of the American College of Physicians, 
and we hope to make this 33d Annual Session one to be long remembered both by the 


City and by the members of the College Joining in this opportunity to entertain so 














716 PROGRAM OF THE CLEVELAND MEETING 


many distinguished guests is the Academy of Medicine of Cleveland with its 2,400 


members, the Cleveland Medical Library Association, the Medical School of Western 
Reserve University, and the more than twenty hospitals which make Cleveland a 
great medical center. 

Cleveland with its Public Hall, modern and spacious, its modern shopping center, 
its beautiful public mall and its atmosphere of cordiality will help to make your days 
downtown comfortable, enjoyable and worth while 

Many of you will find time between sessions at Public Hall to visit the medical 
center of Western Reserve University, the research and hospital facilities of the 
Cleveland Clinic, and many of the hospitals on both the east and west side of the city 

Those of you who visit such institutions on the east side as the University medical 
center, the Cleveland Clinic, St. Luke’s Hospital, Huron Road Hospital and Mount 
Sinai Hospital will find adjacent to the campus of Western Reserve University the 
impressive Allen Memorial Library—the home of the Cleveland Medical Library 
Association, a branch of the Army Medical Library, and the offices of the Academy 
of Medicine, where also you will find the Howard Dittrick Museum of Historical 
Medicine. 

You will also find it convenient on your way up or down town to stop into Cleve 
land’s famous Museum of Health, the first of such institutions in this country. It is 
located at 8911 Euclid Avenue 

Downtown Cleveland will offer you an opportunity to observe clinical procedures 
at St. Vincent Charity Hospital, a few blocks from the downtown business center 
The west side, easily reached by taxi or bus, is the home of Cleveland’s City Hospital 
with its many units, St. John’s Hospital, Lakewood Hospital and several others. You 
will find, if you visit these and other institutions, many new wings or buildings, and 
others in the course of construction or in blueprint form for development next year. 

On the fringes of the County, but easily reached by taxi or public transportation, 
are the new Marymount Hospital on the south edge of the County, Sunny Acres Sani- 
tarium, and the two Government Hospitals—Veterans Administration at Brecksville 
and Crile Hospital, also operated by the Veterans Administration. United States 
Public Health Service Hospital is easily visited on the way up the hill to Shaker 
Heights and St. Luke’s Hospital. 

Those of you who are interested in the problems of developing Civil Defense 
organizations in your community will find the headquarters of the medical section of 
Cleveland’s Civil Defense organization in City Hall, just across Lakeside Avenue from 
the Public Auditorium. In the City Hall also vou will find the office of the Com- 
missioner of Health and his staff 

Space will not permit mention of all the other medical institutions in Cleveland, 
including the smaller hospitals and modern Health Stations of the City of Cleveland, 
all of which are worth visiting and all of whom join heartily in the hope that you will 
find time to get at least a quick glance at Cleveland’s ability to develop research and 
to serve its population adequately and in a manner fitting the great progress of 


American Medicine 


GENERAL INFORMATION 


GENERAL HEADQUARTERS 
Cleveland Public Auditorium 


Registration headquarters, the information bureau, technical exhibits, general 
sessions, morning symposia, panel discussions, clinical-pathological conferences, tele- 
vised clinics, meetings of committees, of the Board of Regents and of the Board of 
Governors. The Annual Convocation will be held in the Music Hall of the Public 
Auditorium, and the Annual Banquet will take place in the Grand Ballroom of the 
Hotel Statler 
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HOTEL ACCOMMODATIONS 


A fully adequate number of hotel guest rooms has been reserved in fairly close 
proximity to the Public Auditorium, and a Housing Bureau, working through the 
Committee on Hotels and Transportation, has been set up at the Cleveland Convention 
Bureau, 511 Terminal Tower, Cleveland 13, Ohio. In view of the fact that the 
American Heart Association is meeting in Cleveland, April 17-19, and the American 
Board of Internal Medicine is giving one of its oral examinations at Cleveland also, 
April 17-19, a hotel reservation form has been devised for use of all three groups, thus 
preventing the necessity of having to move from one hotel to another between meetings 
Applications for rooms should be made to the Housing Bureau, preferably on the 
official form provided by the College or by the American Heart Association or by 
the American Board of Internal Medicine, but in the absence of the form, the Housing 
Bureau will handle letters of application, provided the applicant identifies himself with 
the College and its Annual Session, or with one of the above organizations. It is 
requested that three choices of hotels be indicated and that a reasonable range of rates 
be shown. Whenever possible, arrangements should be made for occupancy of rooms 
accommodating two persons. Confirmation from the hotel where the reservation has 
been made will be mailed to each applicant. If after making reservations the applicant 
finds it is impossible to attend, he is requested to notify the Housing Bureau promptly, 
so that his accommodations may be made available to another physician. 


LIST_OF_ HOTELS 





For Two Persons 





Hotel For One Person Suites 
Double Bed Twin Beds 
Alcazar $6.50-$8.00 | $8.50- $10. 00 $8.50-$12 1.00 $12.00-$20.00 
Allerton... or 4.00—- 7.00 6.50—- 9.00 7.00- 10.00 12.00— 20.00 
3.50 R.W 5.50 R.W. 
Auditorium. . . ; 4.00— 7.00 6.00- 9.00 8.50—- 9.50 14.00— 20.00 
Belmont... . ; 3.25- 3.50 5.00—- 5.75 4.25- 6.25 
Bolton Square. . ; 3.50— 5.50 5.50- 7.00 6.00— 7.50 8.00— 25.00 
Carter 4.00- 7.50 6.00— 10.00 8.00— 12.00 20.00— 40.00 
Cleveland 4.50- 8.00 7.00— 10.00 | 10.00- 15.00 18.00— 30.00—2 rms. 
32.00 & up—3 rms. 
Commodore 6.00— 7.50 8.00— 10.00 8.50— 12.00 12.00— 20.00 
Hollenden 4.00— 8.00 6.00- 12.00 8.00— 15.00 15.00— 22.00—2 rms. 


26.00 & up—3 rms 





Lake Shore 5.00 & up 8.00 & up 8.00 & up 10.00 & up 
Olmsted 3.75- 6.00 6.50 9.00 7.50- 9.50 10.00— 15.00 
Park Lane Villa 5.00 6.00 7.00- 8.00 

Quad Hall 3.00- 6.00 6.00- 10.00 | 10.00- 18.00 
St. Regis 3.00— 4.00 5.00- 8.00 5.00- 8.00 8.00—- 12.00 
Sovereign 5.00- 6.00 6.00— 10.00 6.00- 12.00 

Statler pas ‘ 4.50— 9.00 7.50- 10.50 9.00— 14.00 18.00— 26.00 
Stockbridge... . . 3.00 5.00 6.00 

Tudor Arms... . ' 4.50 & up 7.00 & up 14.00 & up 
Wade Park Manor 5.50 & up 7.50 & up 8.50 & up 10.00 & up 
Westlake........ “ 5.00- 6.00 8.00- 9.00 | 9.00 & up 10.00- 15.00 














(These rates are subject to change at any time. The list includes some residential hotels 
which may not have rooms available for conventions at all times.) 











718 PROGRAM OF THE CLEVELAND MEETING 


Who May Register— 


(a) All members of the American College of Physicians in good standing for 1952 

(b) All newly elected members 

(c) Graduate medical students pursuing courses in local institutions of Cleve- 
land, including residents in Cleveland hospitals, without registration fee, 
upon presentation of matriculation cards or other evidence of regis- 
tration at these institutions; admission to exhibits, general sessions, 
morning symposia and TV clinics 

d) Members of the staff, including interns, of the Cleveland Hospitals partici- 
pating in the program, without registration fee, upon presentation of 
proper identification; admission to exhibits, general sessions, morning 
symposia and TV clinics (this does not include courtesy staff members) 

(e) Bona fide hospital residents, regardless of their location in North America, 
without registration fee, upon presentation of proper credentials from 
their hospitals; admission to exhibits, general sessions, morning sym 
posia, and other program features where facilities are adequate. 

(f) Members of the Medical Corps of the Army, Navy, Public Health Service, 
Air Force and Veterans Administration, either of the United States or 
Canada, without registration fee, upon presentation of proper creden- 
tials. 

(g) Qualified physicians who may wish to attend this Session as visitors, spon 
sored in advance by letter or in person by a member of the College; such 
physicians shall pay a registration fee of $25.00, and shall be entitled to 
one year’s subscription to the ANNALS OF INTERNAL MEDICINE (in which 
the proceedings will be published) included within such fee 


The above regulations are essential because of the increasingly large attendance 
it the Annual Sessions of the College, and the necessity of accommodating members 
iirst 

Registration Bureau—While official registration will start on Monday morning 
April 21, advance registration of members and exhibitors will be provided for on 
Sunday, April 20, from 2:30 P.M. to 5:00 P.M. The Registration Bureau, located in 
the Public Auditorium, will be open through the week from 8:45 A.M. to 5:30 P.M 

Registration Blanks for all Clinics, Panel Discussions and Clinical-Pathologi- 
cal Conferences will be enclosed with the final program to members of the College. 
Guests will secure registration blanks at the Registration Bureau during the Session 

Bulletin Board for special announcements will be located near the Registration 
Bureau at the Public Auditorium 

Transportation—Local transportation arrangements are in charge of the Com 
mittee on Hotels and Transportation, which will issue full information at the meeting 

The General Business Meeting of the College will be held from 2:00 P.M. to 
’:40 P.M., Thursday, April 24, immediately preceding the afternoon scientific session 
All Masters and Fellows of the College are urged to be present. There will be the 
election of Officers, Regents and Governors, the annual reports of the Secretary 
General, Executive Secretary and Treasurer. The President-Elect, Dr. T. Grier 
Miller, Philadelphia, will be inducted into office 


BOARD AND COMMITTEE MEETINGS 


All meetings will be held at the Regents’ and Governors’ Headquarters in the 
Public Auditorium. Special meetings will be announced and posted. 
A Dinner Meeting of the Board of Regents and of the Board of Governors 


| be held at the Hotel Statler, Sunday April 20, at 7:00 P.M 
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Committee on Nominations 
(At the call of the Chairman) 


Committee on Credentials 


Saturday, April 19, 10:00 A.M., Regents’-Governors’ Room, 
North Hall, Public Auditorium 


Committee on Fellowships and Awards 


Sunday, April 20, 10:00 A.M., Executive Secretary's Office, 
Public Auditorium 


Committee on Finance 
Sunday, April 20, 11:15 A.M., Executive Secretary's Office, 
Public Auditorium 
Joint Meeting: Board of Regents and Board of Governors 
Sunday, April 20, 2:00 P.M., North Hall, Public Auditorium 
Committee on Educational Policy and Advisory 
Committee on Postgraduate Courses 
Monday, April 21, 10:00 A.M., Regents’-Governors’ Room, 
North Hall, Public Auditorium 
Committee on Public Relations 


Monday, April 21, 11:00 A.M., Regents’-Governors’ Room 
North Hall, Public Auditorium 


Committee on the Annals of Internal Medicine 


Monday, April 21, 12:00 M., Regents’-Governors’ Room, 
North Hall, Public Auditorium 


Inspection, Committee on Technical Exhibits 
Monday, Aprii 21, 10:30 A.M., starting from the Executive 
Secretary's Office, Public Auditorium 
Meeting, Technical Exhibitors 


Monday, April 21, 5:20 P.M., Room 3, North Hall, 
Public Auditorium 


+ Board of Regents 


*Tuesday, April 22, 12:00 M., Regents’-Governors’ Room 
North Hall, Public Auditorium 


Board of Governors 


*Wednesday, April 23, 12:00 M., Regents’-Governors’ Room, 
North Hall, Public Auditorium 


Annual Business Meeting 
rhursday, April 24, 2:00 P.M., Music Hall, Public Auditorium 
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Board of Regents 


*lriday, April 25, 12:00 M., Regents’-Governors’ Room, 
North Hall, Public Auditorium 


SPECIAL FEATURES 


“The Mark Twain” Post-Convention Cruise—Arrangements have been con 
summated for a cruise down the Ohio River, Tennessee River and to the Kentucky 
Lake, one of the TVA “Great Lakes of the South.” The Delta Queen, the cruise 
steamer, sets a new standard of luxury in river transportation. Lounging and obser 
vation rooms are comfortably and pleasantly appointed, and wide decks invite one to 
exercise or to rest. An orchestra will provide music for dancing. The dining room 
has a distinctly southern cuisine, and the hostess will provide a program of entertain 
ment that is interesting and lots of fun. Additionally there will be daily, optional 
scientific motion picture programs, including “The Hypertensive Crises,” “Problems 
of Rheumatoid Arthritis,” the “Therapeutic Use of ACTH in Human Disease,” 
“Management of the Failing Heart,” “Allergy—Immunology and Treatment,” the 
“Role of Gastroscopy in the Diagnosis and Treatment of Gastric Pathology” and 
“Urinary Infections—Bacteriology-Pathology and Treatment.” 

Members of the cruise will leave Cleveland at 11:30 P.M., Friday, April 25, board 
the ship at Cincinnati early Saturday morning, sail on the Delta Queen at 8:30 A.M., 
following the paths of LaSalle, Joliet, George Rogers Clark, Daniel Boone, the Singing 
Baptists, Mark Twain. All day, Sunday, cruise the lower Ohio River, and arriving 
Monday at Kentucky Dam, passing through the highest single lift lock on the American 
Continent into Kentucky Lake. After a forty mile cruise, return back to the Tennessec 
River. Tuesday, shore tour of Evansville and plant of Mead Johnson and Company 
afternoon cruise the Ox-Bow bends; Wednesday, cruising the lower Ohio, with an 
afternoon tour of one of the distilleries at Louisville, tour of the City, Churchill Downs 
rhursday, stop at Madison, Ind., visiting Clifty Falls State Park and Lanier Mansion 
arrive Cincinnati, Friday, in ample time for early morning departures to all points 
by train or by air. 

Inclusive prices range from $121.00, without bath, to a top of $184.25. Cruise 
under the direction of Mr. Leon V. Arnold, Travel Consultant, 36 Washington Square 
West, New York 11, N. Y., to whom requests should be sent for prospectus, deck plans, 
reservations, etc. 

Concert, Orpheus Male Chorus, Monday, April 21, 8:45 P.M., Music Hall, 
Public Auditorium—The Committee on Entertainment is gratified to announce this 
Concert by the prize-winning chorus of America, under the direction of Dr. Charles 
D. Dawe, its founder and only conductor. For a quarter of a century this Chorus has 
maintained a record of artistic achievements unequalled in male chorus history. Not 
only is it the first and only American male chorus to win top honors in European 
competition, but in its every appearance in competition both abroad and in the United 
States it has won first prize. It boasts a repertoire as unusual as it is ample and 
varied, for it contains many works, dedicated te Dr. Dawe and the Chorus, which it 
has given a first performance and others given only by this group because of their 
exacting vocal and technical demands. 

The Chorus has demonstrated its versatility by the high standard of its radio 
broadcasts, particularly those to and from Europe, for which it has received praise 
from the National and British Broadcasting Companies, and by its Victor recordings, 
vhich are used extensively by radio stations throughout the Country. 

An additional feature of the program, in which the Committee takes pride in 
irranging, will be the appearance of Jerome Gross, M.D., a member of the Cleveland 


* Buffet luncheon served 
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Academy of Medicine, and also a member of a prominent family of physicians of 
Cleveland. Dr. Gross is an accomplished violinist, has appeared in numerous solo 
violin recitals in Cleveland, New York, Chicago and other cities. He has been soloist 
with the Cleveland Summer Symphony Orchestra and the Cleveland Philharmonic 
Orchestra in performances of the Tschaikovsky, Mendelssohn, and Conus concertos, 
and the Lalo Symphonie Espagnole. He has also participated in many chamber music 
programs, and is an ardent devotee of this type of music 

Admission to this Concert is free to all members and duly registered guests, 
and to the exhibitors at this Annual Session. However, for identification, show 
your registration badge (physicians, ladies or exhibitors). 

The Annual Convocation and the President’s Reception, Wednesday, April 
23—The Annual Convocation of the College will be held at 8:30 P.M., April 23, in 
the Music Hall of the Public Auditorium. All members of the College and their 
families, and those of the public who are interested, are cordially invited. No tickets 
are required. All physicians elected Fellows of the College since the 1951 Convoca- 
tion, and all previously elected Fellows who have not been formally inducted, should 
be present. Officers, Regents and Governors, and new Fellows to be inducted, are 
requested to assemble on the Third Floor Foyer of the Music Hall at 7:45 P.M., pre 
paratory to the formation of the procession 

The Convocation ceremony will include the President's Address and the Convoca 
tional Oration, “The Administrative Process and Health Problems,” by Raymond B 
Allen, M.D., F.A.C.P., Director of the Psychological Strategy Board, Washington, 
D. C. The John Phillips Memorial Medal for 1952, the James D. Bruce Memorial 
Medal for 1952 and the Alfred Stengel Diploma for 1952 will be awarded. Recipients 
of Research Fellowships and of Latin-American Fellowships of the College for 1952 
will be announced, and a Mastership will be conferred upon a distinguished member 
of the College. The class of new Fellows will be inducted by the President. 

Following the Convocation, the President's Reception will be held in the Grand 
Ballroom of the Hotel Statler, followed by the Dances 

THE ANNUAL BANQUET, Thursday, April 24, 8:00 P.M.—The Annual 
Banquet will be held in the Ballroom of the Hotel Statler. A gala occasion, with 
excellent food, good fellowship and fine entertainment is assured. Dr. Abba Hillel 
Silver, for more than three decades spiritual leader of The Temple in Cleveland, emi 
nent author, an authority on world affairs and an outstanding and brilliant speaker, 
will be the Speaker of the Day. Table reservations for groups may be arranged 
Tickets should be procured at the Registration Bureau in the Public Auditorium 
by 5:00 P.M., Wednesday, in order that adequate preparations may be concluded 
by the Committee. 

Specialized Cardiac Demonstration—Jhe Program Committee has concluded 
arrangements for a Specialized Cardiac Demonstration daily in the North Hall of the 
Public Auditorium by J. Scott Butterworth, M.D, F.A.C.P., Associate Professor of 
Medicine, New York University—Bellevue Medical Center, New York, N. Y. The 
demonstration has considerable teaching value of a postgraduate nature Three elec 
tron cardioscopes, each with a sixteen-inch screen, and three independent tapes will 
be run simultaneously, so that the listener may have his choice of a variety of 
conditions 


ENTERTAINMENT OF VISITING WOMEN 
Che Ladies’ Committee looks forward with genuine pleasure to meeting the wives 
of the visiting members of the American College of Physicians, and cordially welcomes 


them to Cleveland 
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Headquarters for registration, information, purchase of tickets, reservations for 
entertainments, and all other women’s activities, will be on the mezzanine floor of the 
Hotel Statler. The Committee sincerely hopes the visiting wives will enjoy every 
minute of their stay in Cleveland. 

Daily Program 
9:00 A.M. to 4:00 P.M. Every day Registration at the Hotel Statle1 


Monday, April 21 


3:00 P.M. to 5:00 P.M. Tea and Reception at the Union Club to meet and welcome 
the Visitors, given by the Ladies’ Committee. 

8:00 P.M. Concert by the Orpheus Male Chorus of Cleveland, Music Hall, Public 
Auditorium. Admission by registration badge. 


Tuesday, April 22 
12:30 P.M. Luncheon and Fashion Show at the Carter Hotel Rainbow Room. Ca- 
pacity, 500 guests. Tickets, $3.00. 
As an added feature, one of Cleveland's favorite florists will demonstrate new and 
uncommon flower arrangements for a variety of occasions 


Wednesday, April 23 


10:00 A.M. A sight-seeing tour of Cleveland’s Cultural Gardens, Museums, Univer 
sities, Music Centers, and lovely homes—given through the courtesy of National 
Dairy Products Corporation, Processors of Sealtest Dairy Products—stopping at 
the Country Club for those desiring luncheon. 

12:30 P.M. Luncheon at the Country Club, where busses will wait to return the 
guests (along an interesting route) to the hotel. Luncheon Tickets, $2.75 

\ special attraction at the Luncheon will be the reading of his own poems by Mr. 
Joseph Newman, well-known Cleveland author, playwright, master of wit and a 
matchless raconteur 

(Luncheon accommodations are limited to 175. An early advance reservation is 
therefore desirable. ) 

2:30 P.M. A musical, “Travesty,” composed and directed by the Women’s Discus- 
sion Group of the Council on World Affairs, will be presented at Higbee’s audi 
torium. Our visitors are cordially invited to attend this amusing skit. Tea will 


follow 
8:30 P.M. Annual Convocation of the College, Music Hall, Public Auditorium 
10:30 P.M. President’s Reception and Dance, Grand Ballroom, Hotel Statler 


Thursday, April 24 


Several entertainments available in Cleveland during the convention week have 
been selected and wiil be listed at the Information Desk. From this schedule, we 
hope our guests will choose a personally agreeable subject of interest. On the list 
will be: current plays at the theaters, the Symphony Concert program, show of the 
month at the Art Museum, Health Museum exhibits, a list of antique shops, Museum 
of Natural History displays, sports events, and other special features. 

Tickets, when needed, may be procured at the Information Desk. 

8:00 P.M. Annual Banquet of the College, Grand Ballroom, Hotel Statler. 

For some who may not wish to attend the College Banquet, the Ladies’ Committee 
has been able to secure a limited number of tickets for the Symphony Concert ( Beetho 
ven Ninth Symphony), under the direction of George Szell, at the Music Hall. For 
tickets, inquire at the Ladies’ Registration Desk. 

Color Televised Clinics—Through the courtesy of Smith, Kline & French Lab- 
oratories, Philadelphia, and the co-operation of the Columbia Broadcasting Svstem 
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the College will present for the third year an interesting program of clinics televised 
in color from the Cleveland Clinic Hospital to the Public Auditorium in Cleveland, 
9:00 A.M. to 10:50 A.M., daily, Tuesday through Friday. Color television is no 
longer an innovation in medical education, but has become a well established medium 
of medical teaching. Since the introduction of color television by Smith, Kline & 
French at the American Medical Association’s meeting at Atlantic City in 1949, over 
200,000 medical men have viewed these programs. 

Supplementary Showing of “Medical Films That Teach”—Jhe Medical Film 
Guild, of New York City, will show a wide variety of colored sound films of particular 
interest to members of the College in its projection room adjacent to their exhibit 
hooth No. 18, on the main exhibit floor. Consult Mr. Joseph Hackel, President of 
the Medical Film Guild, at its booth concerning special films you desire to view, and 
he will schedule them at your convenience, if possible. 

The Medical Film Guild is also providing the films constituting the scientific pro- 
gram for the Mark Twain Post-Convention Cruise. 

The Technical Exhibit—The Technical Exhibit is located in the main exhibit 
hall of the Public Auditorium, and will be one of the finest and all-inclusive exhibits 
yet conducted by the College. The Committee on Exhibits maintains the highest 
possible standards in the conduct of this exhibit. Exhibitors are admitted only by 
invitation; irrelevant exhibits are eliminated, and only firms which present a group 
of approved products of scientific interest to the internist and allied specialist may 
exhibit 

Members and guests of the College are encouraged to accord the exhibitors 
courteous and interested attention. Many thousand dollars are expended by the ex- 
hibitors to bring to this College superior displays and up-to-date information concern 
ing pharmaceuticals, equipment, medical books and medical services. The Technical 
Exhibitors gauge this meeting by the amount of interest shown and the co-operation 
lisplayed by the College. At no other meeting is there assembled a group of technical 
exhibits and technical exhibitors comparable as a whole to these at the meeting of the 
American College of Physicians. 

Exhibits will be open from 8:45 A.M. to 5:30 P.M., daily, from Monday through 
rhursday, and from 8:45 A.M. to 2:30 P.M. on Friday. Physicians are urged to use 
the intermissions in the program for inspection of the exhibits, but these intermissions 
are inadequate for a thorough visit and inspection of the large number of exhibits, and, 
thus, physicians are encouraged to spend some additional time in this important part 
of the meeting 


LIST OF TECHNICAL EXHIBITORS 


Booth 
Abbott Laboratories, North Chicago, Ill. .. : 97-98 
American Hospital Supply ¢ erperation, Evanston, Ill. . .. 20-21 
(American Journai of Medicine, Inc., The, New York, N. Y. 79 
Ames Company, Inc., Elkhart, Ind. aha halle eee ibememisaredued sn 
Appel Medical Sculptures, Doris, Lynn, Mass. ........... e er 
\ ppleton-Century-Crofts, Inc., New York, N. Y. ......... .. 40 
Armour Laboratories, The, Chicago, Ill. .............. . 122-123 
Association of American University Presses, New York, N. Y. . .. % 
Averst, McKenna & Harrison Limited, New York, N. Y. . 
Baum Co., Inc., W. A., New York, N. Y. . 88 
Becton, Dickinson & Co., Rutherford, N. J. ...... 118-119 
Bilhuber-Knoll Corp., Orange, N. J. ............ 76 
Bischoff Company, Inc., Ernst, Ivoryton, Conn. . & 
3lakiston Company, The, Philadelphia, Pa. .. . 19 


Brewer & Company, Inc., Worcester, Mass. . 31 
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Bristol Laboratories Inc., New York, N. Y. ... 37-38 
Burroughs Wellcome & Co. (U.S.A.) Inc., Tuckahoe, N. Y. .......... 8 
Burton, Parsons & Co., Inc., Washington, D. C pha 
Cambridge Instrument Co., Inc., New York, N. Y. .. 61 
Chilcott Laboratories—The Maltine Company, Morris Plains, N. |. ... 130-131 
Ciba Pharmaceutical Products, Inc., Summit, N. J. . , . 99-100 
Clersite Company, Chicago, Ill. ......... 23 
Collins, Inc., Warren E., Boston, Mass. ..... : mse ae 
Commercial Solvents ( ‘orporation, New York, N Y ... 67-68 
Davies, Rose & Company, Limited, Boston, Mass cae 
Davis Company, F. A., Philadelphia, Pa. ...... . 7 
Devereux Schools, Devon, Pa., and Santa Barbara, Calii 53 
DeVilbiss Company, The, Toledo, Ohio ...... ; 58 
Doak Company, Inc., Cleveland, Ohio ........ — 
Doho Chemical Corporation, New York, N. Y. ceccee SS-O6 
Dome Chemicals Inc., New York, N. Y. ...... ; vx a 
Edin Company, Inc., Worcester, Mass. ........... ee 
Electro-Physical Laboratories, Inc., Stamford, Conn 84 
Fischer & Co., H. G., Franklin Park, Ill. ....... , 129 
Fleet Co., Inc., C. B., Lynchburg, Va. ........ ; <2. oe 
Flint, Eaton & Company, Decatur, Ill. ....... ; ~~ 
Geigy Pharmaceuticals, New York, N. Y. ... iin Si 
General Electric Co., X-Ray Department, Milw: aukee, Wis Se 
Gerber Products Company, Fremont, Mich. .. 74 

| Grune & Stratton, Inc., New York, N. Y. .. , , 54 

Harrower Laboratory, Inc., The, Jersey City, N. J., and St. Louis, Mo. 33 
Heinz Company, H. J., Pittsburgh, Pa err , tee oe 

Hoeber, Inc., Paul B., New York, Tag Wu SoG acbhae shoes eT ere 
Hoffman-La Roche, Inc., Nutley, N. J. .... ere eer ee 
Hollister-Stier Laboratories, W sietburg, Pa., Spokane, Wash., and 

Sa SE, SAG cu h cee cadences , sy a ee 51 
Irwin, Neisler & Company, Decatur, Ill. .. a errr ot 
Jones Metabolism Equipment Co., Chicago, Ill. .... ; ere er | 
LaMotte Chemical Products Company, Towson, Baltimore, Md. ....... 92 
Lea & Febiger, Philadelphia, Pa. ..... ina i Oe on ee rere 50 
Lederle Laboratories Division, American Cyanamid Company, New 
SO rey rer er pean me ... 34-35-36 

Lilly and Company, Eli, Indianapolis, Ind , ..eeee+ 105-106-107 
Lippincott Company, J. B., Philadelphia, Pa 9 
Macmillan Company, The, New York, N. Y jaca. ee 
Massengill Company, The S. E., Bristol, Tenn. Preyer 5 
McNeil Laboratories, Inc., Philadelphia, Pa : oe on 
Mead Johnson & Company, Evansville, Ind. .... See eer 


Medco Products Company, Tulsa, Okla. ....... Peer eee 
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Medical Bureau, The, Chicago, III 

Medical Film Guild, Ltd., New York, N. Y 
Merck & Co., Inc., Rahway, N. J - 

Merrell Company, The Wm. S., Cincinnati, Ohio 
Miller Surgical Company, Chicago, Ill. ........ 
Mosby Company, The C. V., St. Louis, Mo. 


National Drug Company, The, Philadelphia, Pa 
Nepera Chemical Co., Inc., Yonkers, N. Y. 


Oxford University Press, Inc., New York, N. Y 


Parke, Davis & Company, Detroit, Mich 
Pfizer & Co., Inc., Chas., Brooklyn, N. Y. .. 
Picker X-Ray Corporation, White Plains, N. 


Riker Laboratories, Inc., Los Angeles, Calii 
Robins Company, Inc., A. H., Richmond, Va. 
Rystan Company, Inc., Mount Vernon, N. Y 


Sanborn Company, Cambridge, Mass. ..... 

Sandoz Chemical Works, Inc., New York, N. 

Saranac Lake Medical Facilities, Inc., Saranac Lake, N. \ 
Saunders Company, W. B., Philadelphia, Pa 

Schenley Laboratories, Inc., Lawrenceburg, Ind 
Schering Corporation, Bloomfield, N. J. ..... 
Schieffelin & Co., New York, N. Y. ........ 

Searle & Co., G. D., Chicago, Ill. ........... 

Sharp & Dohme, Inc., Philadelphia, Pa. ‘ kaon 
Smith, Kline & French Laboratories, Philadelphia, Pa 
Squibb & Sons, E. R., New York, N. Y. ... 
Stethetron Sales Company, Wenonah, N. J 

Swift & Company, Chicago, Ill 


Taylor Instrument Companies, Rochester, N. Y 
Technicon Cardiograph Corp., New York, N. \ 
I'ravenol Laboratories, Inc., Morton Grove, III 


U. S. Vitamin Corporation, New York, N. Y. .. 
Upjohn Company, The, Kalamazoo, Mich. ... 


Vanpelt & Brown, Inc., Richmond, Va. ....... 
Varick Pharmacal Co., Inc., New York, N. Y 


Wallace & Tiernan Products, Inc., Belleville, N. J 
Warren-Teed Products Company, The, Columbus, Ohio 
White Laboratories, Inc., Kenilworth, N. J ; 
Williams & Wilkins Company, The, Baltimore, Md 
Winthrop-Stearns Inc., New York, N. Y 

Woodward Medical Personnel Bureau, Chicago, III 
Wyeth Incorporated, Philadelphia, Pa. ................ 


Year Book Publishers, Inc., The, Chicago, III 
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18 
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62 


60 
134 
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69 
136 
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GENERAL SESSIONS PROGRAM 
Music Hall, Public Auditorium 


FIRST GENERAL SESSION 
Monday Afternoon, April 21, 1952 


Presiding Officer 


Roy W. Scort, F.A.C.P., Cleveland, General Chairman 


P.M. 


2:00 Addresses of Welcome: 
The Honorable Tnomas A. Burke, Mayor of the City of Cleveland 
loun S. Mirus, Ph.D., LL.D., President, Western Reserve University 
FRANCIS Bay.tess, M.D., President, The Cleveland Academy of Medicine 
Response to Addresses of Welcome: 
Maurice C. Pincorrs, M.A.C.P., President, The American College of 


Physicians 


Presiding Officer 


President Maurice C. Pincorrs, M.A.C.P., Baltimore 


2:30 The James D. Bruce Memorial Lecture on Preventive Medicine: Immunity 
to Poliomyelitis. 

James H. S. Gear, M.D. (by invitation), Deputy Director, The South 
African Institute for Medical Research, Johannesburg 

3:10 Histoplasmosis. 

Amos Curistie, M.D. (by invitation), Professor of Pediatrics, Vanderbilt 

University School of Medicine 
3:30 INTERMISSION 
3:45 The Present Status of Ballistocardiography. 

Isaac Stark, M.D. (by invitation), Hartzell Research Professor of Thera 

peutics, University of Pennsylvania School of Medicine 
4:05 The Physiology of Congenital Heart Disease. 

RicHarp J. Binc, M.D. (by invitation), Professor of Experimental Medi 
cine, The Medical College of Alabama . 

4:25 Prognosis Following the Blalock-Taussig Operation: An Analysis of One 
Thousand Cases. 

Heten B. Taussic, M.D. (by invitation), Associate Professor of Pediatrics 

Johns Hopkins University School of Medicine 
4:45 The Surgical Repair of Interatrial Septal Defects. 

Cuaries P. Battey, F.A.C.S. (by invitation), Professor and Head of the 
Department of Thoracic Surgery Hahnemann Medical College and Hos 
pital of Philadelphia 

5:05 ADJOURNMENT 
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SECOND GENERAL SESSION 
Music Hall, Public Auditorium 
Tuesday Afternoon, April 22, 1952 
Presiding Officer 


Davip P. Barr, F.A.C.P., New York 
P.M. 
2:00 Angiocardiography in Mediastinal and Pulmonary Disease. 
Caries T. Dotrrer, M.D. (by invitation), Assistant Professor of Radiology, 
Cornell University Medical College 
2:20 Osteoporosis and Osteomalacia. 
I. Snapper, M.D. (by invitation), Director of Medical Education, Mount 
Sinai Hospital, New York City. 
2:40 The Role of Sodium Studies in the Therapy of Cirrhosis. 
Witt1aM J. E1s—ENMENGER, M.D. (by invitation), Hospital of the Rocke- 
feller Institute for Medical Research. 
3:00 Latent Steatorrhea. 
Douc tas G. CAMERON ( Associate), Assistant Professor of Medicine, McGill 
University Faculty of Medicine 
:20 INTERMISSION 
3:40 Observations on the Splenic Flexure Syndrome. 
Tuomas E. Macuwe tra, F.A.C.P., Assistant Professor of Medicine, Univer- 
sity of Pennsylvania School of Medicine. 
3:55 Acute Pericarditis in Adults of Middle Age. 
Witit1aM Hatt Lewis, Jr., F.A.C.P., New York City. 
4:10 Cat Scratch Disease. 
Worth B. Dantets, F.A.C.P., Professor of Clinical Medicine, Georgetown 
University School of Medicine. 
4:25 Diagnosis and Management of Asymptomatic Isolated Intrathoracic 
Nodules. 
Sipney E. Worpaw, F.A.C.P., Assistant Clinical Professor of Medicine, 
Western Reserve University School of Medicine. 
4:40 Treatment of Hypertension with Oral Protoveratrine. 
Sistey W. Hoosier, F.A.C.P., Assistant Professor of Internal Medicine, 
University of Michigan Medical School 


4:55 ADJOURNMENT. 


w 


THIRD GENERAL SESSION 
Music Hall, Public Auditorium 
Wednesday Afternoon, April 23, 1952 
Presiding Officer 


Hucu J. Morcan, F.A.C.P., Nashville 
P.M. 
2:00 The John Phillips Memorial Lecture: A Discussion of the Concept of Car- 
diac Failure in the Light of Recent Physiologic Studies in Man. 
Anpké F. Cournanp, M.D. (by invitation), Professor of Medicine, Columbia 
University College of Physicians and Surgeons 
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The Evaluation of Anticoagulant Therapy in Congestive Heart Failure 
Using Depo-Heparin, Dicumarol and Tromexan. 

Georce C. Grirritu, F.A.C.P., Professor of Medicine, University of South- 

ern California School of Medicine 
Electrolytes and Congestive Failure. 

T. S. Danowsk1, F.A.C.P., Renziehausen Professor of Research Medicine, 

University of Pittsburgh School of Medicine 
INTERMISSION. 
The Physiology of the External Pancreatic Secretion in Man. 

Joun M. Howarp, Captain, (MC), AUS (by invitation), Army Medical 
Service Graduate School, Washington. 

Abnormal Bleeding Associated with Blood Transfusion. 

J. Garrott Atien, M.D. (by invitation), Professor of Surgery, University 
of Chicago School of Medicine. 

Factors Influencing Recovery from Radiation Injury. 

Leon O. Jacosson, F.A.C.P., Associate Dean, Division of Biological Sci 
ences, and Professor of Medicine, University of Chicago School of 
Medicine. 

Immunologic Mechanisms in Idiopathic Thrombocytopenic Purpura. 

Witit1amM J. Harrincton, M.D. (by invitation), Instructor in Medicine, 
Washington University School of Medicine. 

Indications and Contraindications for the Treatment of Thyroid Cancer 
with Radioactive Iodine. 

Witt1am H. Bererwartes (Associate), Assistant Professor of Internal 
Medicine, University of Michigan Medical School 

ADJOURNMENT. 


ANNUAL CONVOCATION 


Wednesday Evening, April 23, 1952 
8:30 O’Clock 
Music Hall, Public Auditorium 
Lemvuet C. McGee, Marshal 


Pre-Convocation Assembly of Fellows to be inducted, Officers, Regents and 


Governors, at 7:45 P.M., Balcony Foyer, Music Hall, Public Auditorium 


All members of the profession and the general public are cordially invited. No 


admission tickets required. 


1. Processional. 
2. The President’s Address : 

Maurice C. PINcoFFs. 
3. Conferring of Fellowships by the President 
4. Conferring of Mastership by the President. 
5. Presentation of the John Phillips Memorial Medal for 1952 
6. Presentation of the James D. Bruce Memorial Medal for 1952 
7. Presentation of the Alfred Stengel Memorial Award for 1952 
8. Announcement of Research Fellows for 1952-1953. 
), Announcement of Latin-American Fellows for 1951-1952 
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10. Convocational Oration: “The Administrative Process and Health Prob- 
lems.” Raymonp B. ALten, F.A.C.P., Director, Psychological Strategy 
Board. 

) 


11. Recessional 


President’s Reception 
rhe President’s Reception and Dance will follow at 10:30 o'clock in the Grand 
Sallroom of the Hotel Statler. A cordial invitation is extended to all members and 
guests, with their families 


FOURTH GENERAL SESSION 
Music Hall, Public Auditorium 


Thursday Afternoon, April 24, 1952 
P.M. 
2:00 THE ANNUAL BUSINESS MEETING 
All Fellows and Masters are urged to be present and to participate more 

actively in the administrative problems of the College. Reports will be re 
ceived from the Secretary-General, Executive Secretary and Treasurer; 
elections of new Officers, Regents and Governors will take place; President 
Elect T. Grier Miller, of Philadelphia, Pa., will be inducted as President and 
make a brief inaugural address 


2:40 INTERMISSION 


Presiding Officer 
Cuartes A. Doan, F.A.C.P., Columbus 


3:00 Prognosis in Psychosomatic Disease. 
Henry W. Brosin, F.A.C.P., Professor of Psychiatry and Chairman, De 
partment of Psychiatry, University of Pittsburgh School of Medicine 
3:20 Evaluation of Developments in the Surgical Treatment of Pulmonary Tu- 
berculosis. 
|. Burns Amperson, F.A.C.P., Professor of Medicine, Columbia University 
College of Physicians and Surgeons; Visiting Physician in Charge, Chest 
Service, Bellevue Hospital (Columbia University Division ) 
3:40 The Application of Cytological Diagnosis in Cancer of the Stomach, Pan- 
creas and Biliary System. 
Henry M. Lemon, M.D. (by invitation), Assistant Professor of Medicine, 
Boston University School of Medicine 
4:00 Dietary Modification of the Metabolic and Clinical Effects of ACTH and 
Cortisone. 
LauRANCE W. Kuinsett, F.A.C.P., Director, Institute for Metabolic Research, 
Highland-Alameda County Hospital, Oakland, Calif 
4:20 The Use of Cortisone and ACTH in Idiopathic Thrombocytopenic Pur- 
pura and in Acquired Hemolytic Anemia. 
Muriet Meyers, M.D. (by invitation), Assistant Professor of Internal 
Medicine, University of Michigan Medical School; Research Assistant, 
Thomas Henry Simpson Memorial Institute for Medical Research. 
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4:40 Changes in Connective Tissue Reaction Induced by Cortisone. 
Rornert H. Erert, M.D. (by invitation), Markle Foundation Scholar, and 
Assistant Professor 
5:00 ADIOURNMEN| 


f Medicine, University of Chicago School of Medicine 


Thursday Evening, April 24, 1952 
8 00 O'Clock 


Grand Ballroom, Hotel Statler 


THE ANNUAL BANQUET OF THE COLLEGE 


(Procure tickets at the Registration Bureau, Public Auditorium, before 5:00 P.M 


Wednesday. Arrangements may be made for table reservations. if desired.) 


Consult Special Banquet Program 


Toastmaster : 


Roy W. Scott, F.A.C.P., Cleveland 





Address of the Day: 
“AMERICAN LEADERSHIP IN THE WORLD TODAY 


Rapsr Appa HILvet Sitver, Cleveland 


FIFTH GENERAL SESSION 

Music Hall, Public Auditorium 

Friday Afternoon, April 25, 1952 
Presiding Officer 


Cyrus C. Sturers, F.A.C.P., Ann Arbor 


2:00 Thyroiditis. 
Georce Crie, Jr., F.A.C.S. (by invitation), Cleveland Clinic Foundation 
2:20 Clinical Results of Aortic-Sinus Graft Operation in Arteriosclerotic Heart 
Disease. 
Haroip Feit, F.A.C.P., Clinical Professor of Medicine, Western Reserve 
University School of Medicine. 
2:40 Antimicrobial Therapy in Pulmonary and Extrapulmonary Tuberculosis. 
H. Corwin Hinsuaw, F.A.C.P., Clinical Professor of Medicine, Stanford 
University School of Medicine 
3:00 The Disturbance of the Normal Bacterial Ecology by the Administration 
of Antibiotics with the Development of New Clinical Syndromes. 
Davip T. Smitu, F.A.C.P., Professor of Bacteriology and Associate Pro 
fessor of Medicine, Duke University School of Medicine 
3:20 INTERMISSION. 
3:40 The Emotional Problems of High Blood Pressure. 
Epwarp Weiss, F.A.C.P., Professor of Clinical Medicine, Temple Univer 
sity School of Medicine 
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4:00 The Neurosurgical Treatment of Spontaneous Intracerebral Hemorrhage 
Simulating the Common Stroke. 
Micwae. Scorr, F.A.C.S. (by invitation), Clinical Professor and Head of 
Department of Neurosurgery, Temple University School of Medicine 
4:20 Rehabilitation of the Hemiplegic. 
Donacp A. Covatt, M.D. (by invitation), Associate Professor of Physical 
Medicine and Rehabilitation, New York University College of Medicine 
4:40 The Protean Clinical Features of Leptospirosis and Its Diagnosis. 
Joun A. Hicurower, Captain, (MC), USA (by invitation), Army Medical 
Research and Graduate School and University of Maryland School of 
Medicine 
5:00 ADJOURNMEN’ 


MORNING SYMPOSIA 


In the place of the Morning Lectures there are presented this vear four Symposia, 
two of which will be held on Wednesday morning and two on Friday morning. In 
each instance basic physiologic principles will be discussed by the first speaker and 
clinical aspects by the other participants. 

Attendance at these Symposia is open to all members and guests of the College 

Admission by regular registration badge; no special tickets. 


Wednesday, April 23, 1952 
I. SYMPOSIUM ON THYROID DISEASE 
Music Hall, Public Auditorium 
Presiding Officer 


Marion A. BLANKENHORN, F.A.C.P., Cincinnati 
A.M. 
9:00 The Thyroid and Its Endocrine Relationships. 

James Howarp Means, F.A.C.P., Jackson Professor of Clinical Medicine 
(Emeritus), Harvard Medical School; Physician, Massachusetts Institute 
of Technology; Board of Consultation, Massachusetts General Hospital 

9:50 INTERMISSION 
10:00 Hyperthyroidism: An Evaluation of Anti-Thyroid Drugs Followed by 
Subtotal Thyroidectomy. 

Evmer C. Bartets, F.A.C.P., Lahey Clinic, Boston. 

10:20 Hyperthyroidism: Long Term Treatment with Anti-Thyroid Drugs. 

Samvuet P. Asper, M.D. (by invitation), Assistant Professor of Medicin« 
Johns Hopkins University School of Medicine. 

10:40 Hyperthyroidism: Treatment with Radioactive Iodine. 

E. Perry McCutzacu, F.A.C.P., Cleveland Clinic 


ADJOURN MEN] 
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II. SYMPOSIUM ON ARTERIAL HYPERTENSION 
Little Theater, Public Auditorium 
Presiding Officer 


Joun Mrnor, F.A.C.P., Washington 


Some Aspects of the Pathogenesis of Essential Hypertension. 

EpHraim SuHorr, M.D. (by invitation), Associate Professor of Medicine, 

Cornell University Medical College 
INTERMISSION 
New Drug Therapies in Arterial Hypertension. 

Ropert W. Wirkins, F.A.C.P., Associate Professor of Medicine, Boston 
University School of Medicine; Chief, Hypertension Clinic, Massachu- 
setts Memorial Hospitals. 

Psychogenic Influences in Hypertension. 

Eucene B. Ferris, Jr., F.A.C.P., Professor of Medicine, University of 

Cincinnati College of Medicine 
The Role of the Adrenal in Arterial Hypertension. 

Joun P. Merritt (Associate), Instructor in Medicine, Harvard Medical 

School 
ADJOURNMENT 


Friday, April 25, 1952 
III. SYMPOSIUM ON DIABETES 
Music Hall, Public Auditorium 
Presiding Officer 


Josernu M. HayMAN, Ir F_A.C.P., Cleveland 


Endocrine Regulation of the Blood Sugar. 
Jerome W. Conn, F.A.C.P., Professor of Internal Medicine, University of 
Michigan Medical School 
INTERMISSION. 
Basic Principles in the Therapy of Diabetes. 
Henry T. Ricketts, F.A.C.P., Professor of Medicine, University of Chi- 
cago School of Medicine 
Diabetic Acidosis as a Therapeutic Problem. 
GarFietp G. Duncan, F.A.C.P., Clinical Professor of Medicine, Jefferson 
Medical College of Philadelphia 
The Kimmelstiel-Wilson Syndrome. 
STANTON L. Eversove, M.D. (by invitation), Instructor in Pathology, Johns 
Hopkins University School of Medicine 
Diabetic Retinopathy. 
3ERNARD Becker, M.D. (by invitation), Instructor in Ophthalmology and 
Mellon Fellow in Ophthalmology, Wilmer Institute, Johns Hopkins Uni- 
versity School of Medicine 


ADJOURNMENT. 
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IV. SYMPOSIUM ON RHEUMATIC FEVER 
Little Theater, Public Auditorium 


Presiding Officer 


Harotp H, Jones, F.A.C.P., Wintield, Kans 
A.M 
9:00 The Natural History of Rheumatic Fever. 


Epwarp F. Bianp, F.A.C.P., Physician, Massachusetts General Hospital 
9:50 INTERMISSION 


10:00 Recent Developments in the Prevention of Rheumatic Fever. 
Harotp B. Houser, Major, (MC), AUS (by invitation), Streptococgal 
Diseases Laboratory, Warren Air Force Base, Wvoming 
10:20 Present Status of Diagnostic Tests for Rheumatic Fever. 
Mactyn McCarty, M.D. (by invitation), Hospital of the Rockefeller In 
stitute for Medical Research 
10:40 The Use of Cortisone and ACTH in Rheumatic Fever. 
Joseru |. Br NIM, F.A.C.P Associate Professor of Medicine, New York 


University College of Medicine 


11:00 ADJOURNMEN1 


PANEL DISCUSSIONS 
and 
CLINICAL-PATHOLOGICAL CONFERENCES 


lopics of intimate interest and practical value to all members of the profession 
have been chosen. Qualified men have been selected as leaders and members of the 
panel personnel. All panels are scheduled from Tuesday through Friday, 11:30 A.M 
to 12:45 P.M., and will be held at the Public Auditorium. 

In place of one regular panel discussion, the Program Committee is offering a 
clinical-pathological conference each day at which the clinical protocol of an inter- 
esting medical case will be discussed by the participants who are expected to make 
the correct diagnosis. The post-mortem findings will then be presented by the patholo 
gist in whose department the case was autopsied. Moderators and conference pet 
sonnel will then answer questions that may arise as time permits. The clinical proto 
cols of the four cases to be presented appear in a separate booklet to be sent with the 
program, so that members may have the opportunity of making their own diagnosis 
before the formal conference 

Applications for tickets to all Panels (the C-P Conferences will be held in 
the Music Hall which has practically unlimited seating, and will not require 
tickets) may be made in advance by members on a regular application form which 
will accompany the program. Tickets will also be available at the Registration 
Bureau, Public Auditorium. NON-MEMBERS may not register by mail, but 
should secure their tickets directly at the meeting. 

Applicants may submit in writing three weeks before the Session, through the 
Executive Secretary of the College, any questions concerning any phase of the subjects 
listed. Moderators and panel personnel will answer those questions which they feel 
are applicable to the subject under discussion, and will answer as many questions as 


time permits 
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THE CLINIC SESSIONS 


Color Television of Medical Clinics 


Che following series of clinics will be televised in color on Tuesday, Wednesday, 
Thursday and Friday mornings between 9:00 A.M. and 10:50 A.M. from the Cleve 
land Clinic Hospital to the Public Auditorium by a group of physicians from the 
participating hospitals and medical schools 

Due to changing programs from one clinic to another, a slight lag will occur 


However, it is believed that the times indicated will be approximately correct 
Admission by regular badge; no special tickets required. 


Tuesday, April 22, 1952 
9:00- 9:20 Peripheral Vascular Disease. 


Frortnpo A. Simeone, M.D. (by invitation), Professor of Surgery 
(City Hospital), Western Reserve University, Cleveland; and 
InviNG S. Wruicut, F.A.C.P., Clinical Professor of Medicine, 
Cornell University Medical College, New York City 
9:25- 9:35 Intra-arterial Blood Transfusion. 
Donatp E. Hare, M.D. (by invitation), Head of the Department 
of Anesthesiology, Cleveland Clinic 
9:40- 9:50 Solitary Pulmonary Lesions. 
Sipney E. Worpaw, F.A.C.P., Assistant Clinical Professor of Medi 
cine (Mt. Sinai Hospital), Western Reserve University; and 
Harvey J. Menpetsonn, M.D. (by invitation), Assistant Pro 
fessor of Surgery ( Thoracic), W estern Reserve University 
9:55-10:10 Methods of Skin Testing in Allergic Disease. 
Witi1aM P. Garver, F.A.C.P., Clinical Instructor in Medicine (City 
Hospital), Western Reserve University; and Myron A. Wertz, 
M.D. (by invitation), Head of the Department of Allergy, Mt 
Sinai Hospital, Cleveland 
10:15-10:30 Hormone Treatment of Metastatic Breast Cancer. 
E. Perry McCutracu, F.A.C.P., Head of the Department of Endo- 
crinology, Cleveland Clinic 
10:35-10:50 The “L.E.” Test. 
Joun R. Haserick ( Associate), Department of Dermatology, Cleve 
land Clinic 


Wednesday, April 23, 1952 


9:00- 9:20 The Jaundiced Patient. 
ArtTHuUR J. Patek, Jr., M.D. (by invitation), Professor of Medicine 
(Mt. Sinai Hospital), Western Reserve University; and Ceci J 
Watson, F.A.C.P., Professor of Medicine, University of Minne 
sota Medical School 
9:25- 9:40 Congenital Heart Disease Amenable to Surgery. 
Harotp Feit, F.A.C.P., Clinical Professor of Medicine. Western 
Reserve University; and Herman K. Hetrterstern, M.D. (by 
invitation), Clinical Instructor in Medicine, Western Reserve 
University. 
9:45- 9:55 Dermatologic Lesions of Medical Interest. 
Curtis F. Garvin, F.A.C.P., Assistant Clinical Professor of Medi 
cine, Western Reserve University. 
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10:00-10: 


10:20-10: 


10:35-10: 


10:00-10: 


10:20-10: 


10:35-10: 


9:45-10: 
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Ophthaimopathy. 
Brown M. Dosyns, M.D. (by invitation), Associate Professor of Sut 
gery (City Hospital), Western Reserve University 
The Shoulder-Hand Syndrome. 
Haro_p Scuwartz (Associate), Chief, Cardiology Department, Crile 
Veterans Administration Hospital, Cleveland 
Demonstration of Neurological Cases. 
Louis J. Karnosu, M.D. (by invitation), Head of the Department 
of Neuropsychiatry, Cleveland Clinic, and Clinical Professor of 
Nervous Diseases, Western Reserve University 


Thursday, April 24, 1952 


Hereditary Hemolytic Disease. 

Russe_t L. Haven, F.A.C.P., Consultant in Medicine and Research, 
Cleveland Clinic; and THomas Harte Ham, F.A.C.P., Professor 
of Medicine, Western Reserve University 

Measurement of Pulmonary Function; Chronic Emphysema. 

Scott R. Inxiey, M.D. (by invitation), Instructor in Medicine, 
Western Reserve University ; and Jutius H. Comrog, Jr., F.A.C.P., 
Professor of Physiology and Pharmacology, University of Penn 
sylvania Graduate School of Medicine 

Rehabilitation of the Hemiplegic. 

Keitu Keever, M.D. (by invitation), Assistant Professor of Physi 

cal Medicine and Rehabilitation, Western Reserve University 
X-Ray-Pathology Conference on Gastro-intestinal Lesions. 

RaFAEL Domincuez, M.D. (by invitation), Pathologist, St. Luke’s 
Hospital; Assistant Professor of Pathology, Western Reserve Uni- 
versity; and Donatp Brannan, M.D. (by invitation), Depart 
ment of Roentgenology, St. Luke’s Hospital, Cleveland 

Cardiac Output and Blood Volume Measured by Radioactive Iodi- 
nated Albumin. 

Watter H. Pritcnarp, M.D. (by invitation), Assistant Professor 
of Medicine, Western Reserve University; and W. JAmMes Mac- 
IntyrE, Ph.D. (by invitation), Physicist-in-Charge, Atomic En- 
ergy Committee, Western Reserve University 

Syndromes Due to Adreno-Cortical Hyperactivity. 

SAMUEL Spector, M.D. (by invitation), Assistant Professor of 

Pediatrics, Western Reserve University 


Friday, April 25, 1952 


Cardiac-Pathology Conference: Unusual Forms of Heart Disease. 
A. CarLTon ErNsteNE, F.A.C.P., Chief of Staff, Medical Division, 
Cleveland Clinic; and ALan R. Morirz, M.D. (by invitation), 
Professor of Pathology, Western Reserve University 
Treatment of Acute Ulcerative Colitis. 

Water L. Patmer, F.A.C.P., Professor of Medicine, University of 
Chicago School of Medicine; and Grorce Crire, Jr., M.D. (by 
invitation), Department of Surgery, Cleveland Clinic 

Treatment of Severe Bronchial Asthma; Effect of ACTH and 
Cortisone in Allergic Disease. 

McK intey Lonpon, F.A.C.P., Chief of the Department of Allergy, 
St. Luke’s Hospital, Cleveland; and Louis E. Lieper, F.A.C.P., 
Area Consultant in Allergy, Veterans Administration; Visiting 
Physician in Allergy, Mt. Sinai Hospital, Cleveland. 
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10:05-10:15 Acute Leukemia. 
Ropert W. Heine, M.D. (by invitation), Associate Professor of 
Medicine, Western Reserve University 
10:20-10:30 Selection of Patients for Mitral Commissurotomy. 
Georce H. A. CLowes, M.D. (by invitation), Senior Instructor in 
Surgery (City Hospital); and Satvatore M. Sancetta (Asso- 
ciate), Instructor in Medicine (City Hospital), Western Reserve 
University. 
10:35-10:50 Hodgkin’s Disease. 
U. V. PortmMann, M.D. (by invitation), Head of the Department of 
Therapeutic Radiology; and Jonn B. Hazarp, M.D. (by invita 
tion), Head of the Department of Pathology, Cleveland Clinic. 


THE CLINIC SESSIONS 


Clinics at Hospitals 


Che regular Hospital Clinics will be conducted on Tuesday and Thursday from 
9:00 A.M. to 10:30 or 11:00 A.M., whereas Morning Symposia will be conducted on 
Wednesday and Friday mornings, thus eliminating competition between these features 
of the program. 

Admission to the Hospital Clinics will require special tickets, which will be 
issued to MEMBERS in advance of the Session and to NON-MEMBERS directly at 
the Registration Bureau in the Public Auditorium. Application forms for tickets for 
the Hospital Clinics and Panel Discussions will be sent to all members with the 
program. 

The Committee on Panels is committed to a program of clinics in the true sense 
of that term—that is, patients will be shown and discussed, rather than having presen- 
tations of formal short papers. A wide range of medical topics important to the 
clinician is offered. Visitors will have the opportunity to see patients at close range 
and to observe hospital methods in Cleveland. 

All clinics must terminate promptly at the designated hour, in order that members 
may have adequate time to reach the Panel Discussions, which start at 11:30 A.M 

lhe Committee on Transportation recommends the use of taxicabs for reaching 
the Hospital Clinics, and will arrange that there shall be an adequate number of 
taxicabs available also for the return trip. 

Tickets will be required for each and every one of the Hospital Clinics, unless 
specifically otherwise mentioned. The co-operation of every one in securing his clinic 
tickets will assist greatly in distributing the attendance according to the capacity of 
each meeting room. It is self-evident that a clinic arranged for fifty will lose its 
value for all if a hundred are present. Ticket registration, naturally, is the only 
effective method of keeping the attendance within the capacities indicated 

Member registration blanks for the clinics should be filled out and returned to 
the Executive Secretary promptly. Upon receipt by the College Office, proper tickets 
will be selected and held at the Registration Bureau in the Public Auditorium, or, on 
the request of the member, will be mailed to him. Reservations by mail cannot be 
made after April 5, but reservations may be made in person at the Registration Bureau 
on the afternoon preceding any clinic day, providing tickets are still available. 

Members who reserve Clinic Tickets are urgently requested to notify the 
Executive Secretary, and to return their tickets, if they find they will be unable 


to attend. 
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PROGRAM OF HOSPITAL CLINICS 


Tuesday, April 22, 1952 


CLEVELAND CITY HOSPITAL 
(3395 Scranton Road) 


Pathology Amphitheater 
(( apacity, 150) 


rhe Management of Malignant Hypertension 
Maurice Sokolow, San Francisco 
Heart Disease and the Aging Process 
Hugh J. Morgan, Nashville 
Recess 
I ipedema and Physiologic Edema 
Edgar A. Hines, Jr., Rochester, Minn 
The Macrocytic Anemias 
Cyrus C. Sturgis, Ann Arbor 


CLEVELAND CLINIC 
(Euclid Avenue at 93rd Street) 
Fourth Floor Auditorium, North Building 
(Capacity, 200) 


Disseminated Lupus Erythematosus 
John R. Haserick 
Ulcerative Colitis 
Everett N. Collins 
Hyperparathyroidism 
Robert W Schneidet 
Rece SS 
lreatment of Coronary Disease 
Herrman L. Blumgart, Boston 
A phasia 
Louis |. Karnosh 


CLEVELAND CLINIC 


(Euclid Avenue at 93rd Street) 


Founder’s and Staff Room 


Capacity, 125) 
Multiple Myeloma 
Russell L. Haden 
Hypertension 
Robert D. Taylor 
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9:40 Treatment of Adrenal Insufficiency 
E. Perry McCullagh 

10:00 Recess 

10:20 Problems Related to Hepatitis 
Albert M. Snell, Palo Alto 

10:40 Liver Biopsy 


H. R. Rossmillet 


Cc MT. SINAI HOSPITAL 


(1800 E. 105th Street) 
Pathology Amphitheater 
Capacity, 70 
YUU Leukemia 
Stanley M. Goldhamer 
1:20 Anemia of Folic Acid Deficiency 
Benjamin B. Teitelbaum 
9:40 Recess 


10:00 Gout 
Alexander B. Gutman, New York 


10:20 Subarachnoid Hemorrhage 
Julius Wolkin 

10:40 Group Therapy for Obese Diabetics 
Joseph 1. Goodman 


D ST. LUKE’S HOSPITAL 
(11311 Shaker Blvd.) 


Prentiss Auditorium 


(Capacity, 250) 
9:00 Polycythemia Vera 
Charles A. Doan, Columbus 
9:30 Urethane in Leukemia and Myeloma 
Charles S. Higley 
9-50 Late ¢ omplications of Diabetes 


M. Irving Sparks 


10:10 Dermatological Manifestations of Lymphomas 
Herbert H Johnson 
10:30 Clinical Aspects of Lymphomas 


Ovid O. Mever, Madison 
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ST. VINCENT CHARITY HOSPITAL 
(S.E. Cor. Central Avenue and E. 22nd Street) 


Auditorium, Nurses’ Home 
(Capacity, 200) 


on of Cases for Mitral Valve Surgery 
Henry A. Zimmerman 
Aspects of Mitral Stenosis 


Earle B Kay 


Familial Aspects of Congenital Heart Disease 
Frank R. Hanrahan 
Prognostic Aspects of Congenital Heart Disease 


Bradley Hull 


Hemodynamics of Carotid Artery Ligation of Aneurysm of Cerebral Circu 


lation 
Spencer Braden and Keith Sheldon 


UNIVERSITY HOSPITALS 


(2065 Adelbert Road) 
Lakeside Amphitheater 
(( apacity, 166) 
A Problem in the Lymphoma Group 
William S. Middleton, Madison 
‘reliminary Pain in Myocardial Infarction 
Harold Feil 
Recess 
Hemolytic Anemia 


Thomas Hale Ham 


Management of Psychosomatic Patients 

Douglas D. Bond. 
Management of Lower Nephron Nephrosis 

Max Miller 

UNIVERSITY HOSPITALS 
MacDonald House Amphitheater 
Capacity, 100) 

Bruee S1S 

Wesley W. Spink, Minneapolis 


Myxedema with Ascites 
Wm. McK Jefferies 


iitral Commissurotomy 
Walter H. Pritchard 
Multiple Sclerosis 
Clark T. Randt 
Multiple Myeloma 
Gordon ( Meacham 





CLEVELAND MEETING 


PROGRAM OF THE 


HOSPITAL CLINICS 
Thursday, April 24, 1952 


CLEVELAND CITY HOSPITAL 
(3395 Scranton Road) 


Pathology Amphitheater 


(Capacity, 150 


Disseminated Lupus Erythematosus 
William S. Middleton, Madison 
linical and Laboratory ms on Patients Before d After Com 
missurotomy. 
nd org A. Clowes 


: ae 
Saivatore AL. Sane 


Observati 


Recess 
Blood Dyscrasias 

Charles A. Doan, Colun 
ie Use of I-131 in the 
Brown M. Dobvns 


CLEVELAND CLINIC 
(Euclid Avenue at 93rd Street) 


Fourth Floor Auditorium, North Building 


Capacity, 200 
Hiyvpertension 
Irvine H. Page 
Peripheral Arterial Disea 
Fay A. LeFevre 
freatment of Anuria an 
W. J. Kolff 


Recess 
Treatment of Bleeding Pepti 
Walter I Palmer 


Hematoma 


1 
( } 


Subdural 


Robert D. Mercer 


CLEVELAND CLINIC 
(Euclid Avenue at 93rd Street) 


Founder’s and Staff Room 


‘ 
Capacity 125) 


Complications and Sequelae ol Myocardial Infarctior 
A. Carlton Ernstene 
3eryllium Poisoning 
H. Scott VanOrdstrand 
Lung Biopsy in Diffuse Pul 
Donald B. Effler 


Recess 


mary [ esions 
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10:20 Hyperinsulinism 

| H. Rynearson Rochester, Minn 
10:40 Physiology of Cor Pulmonale. 


Richard N. Westcott. 


MT. SINAI HOSPITAL 
(1800 E. 105th Street) 
Pathology Amphitheater 


(Capacity, 70) 
9:00 Disseminated Lupus 
Samuel Hantman 
Coronary Artery Disease 
Mortimer L. Siegel 
9:40 Recess 
10:00 Bleeding Peptic Ule« 


( incinnati 


ST. LUKE’S HOSPITAL 
(11311 Shaker Blvd.) 


Prentiss Auditorium 


(Capacity, 250) 


Nutley N | 


ST. VINCENT CHARITY HOSPITAL 


(S.E. Cor. Central Avenue and E. 22nd Street) 


Auditorium, Nurses’ Home 


(Capacity, 200 ) 


* Years Remission 
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Management of Coronary Thron vith and without Anticoagulants 
John P. Anderson 

Recess 

Interesting 


En 


Results of Surgical Tr: t Arthritis and Other Joint Deformi 


UNIVERSITY HOSPITALS 
(2065 Adelbert Road) 


Lakeside Amphitheater 


( apacity, 166) 

Bacterial Pneumonia 

Marion A. Blankenhorn, Cincinnati 
Paroxysmal Cold Hemoglobinuria 

W. S. Jordan 
Rece ss 
Hypertension 

John C. Leonard, Hartford 


Disseminated 


Lupus 
Austin Weisberger 
Constitution and Diabetes 


John L. Caughey 


UNIVERSITY HOSPITALS 
MacDonald House Amphitheater 


Capacity, 100) 
Diabetes 
Garfield G. Duncan, Philadelphia 
Fructose in Diabetic Coma 
James W. Craig 
Recess 


ratory Infection 


Anemia 
W. Heinle 
Eczema 
Herbert H Johnson 

















CLEVELAND POST-CONVENTION “MARK TWAIN 
CRUISE” 





fue Delta Oueen, a tine river steamer, leaves Cincinnati for the Post 
Convention “Mark Twain Cruise” at 9:00 a.m. Saturday, April 26. Break 


fast will be served on the steamer. The Cruise will terminate at Cincinnati 
on the morning of May 2, in ample time to make all morning train and air 
connections. The six days will be filled with rest, comfort, relaxation, en 


joyment, good fellowship, and a professional program to complete the agenda 
f the Annual Meeting of the College 


Cruise members will leave Cleveland on Friday evening, April 25, at 


50, New York Central Lines, and reach Cincinnati at 7:10 the following 
morning. Pullman reservations should be made with your other train 
reservations. Pullman is not included in the price. Members from the 
West and South will make Cleveland their destination and so get the ad 
vantage of the round trip fare without additional cost for the return via 
Cincinnati. Members from the East and North will make Cincinnati thei 
destination, going via Cleveland and returning via Cincinnati, and so get 
the advantage of a round trip fare. The departure from Cincinnati makes 
ticketing very simple and economical for all 

The ship's staff is always an important factor in making a cruise a real 
pleasure. Here is what some of the staff say: The Chef, “If you don’t like 
my fried chicken, jambalai, fritters, hot biscuits and corn bread, and of 
course my roast beef, pork chops, ham and sweets, and other dishes, I just 
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can't please nobody.” The Chief Steward, “Everything will be satisfactory ; 
if not, see me. I want to know about it.” Mr. Brasher, the purser, prom 
ises to outdo himself in pointing out the places of interest and giving their 
history. The hostess, “You'll be happy every minute; that is my job.” 
The Captain, “The ship will be yours, what else can I do for you?” 














The Cruise route covers just over 900 miles on the Ohio and Tennessee 
Rivers, and on Kentucky Lake, the largest of the TVA lakes, the “Great 
Lakes of the South.” Enjoy the lovely springtime scenery as it glides by, 
enjoy the delightful excursions, enjoy the professional programs, enjoy the 
ship entertainment which will be interesting and lots of fun 




















CLEVELAND POST-CONVENTION “MARK TWAIN CRUISE” 


™N 
s+ 


rhe price is really inclusive: Transportation for the round trip in the 
type of accommodations selected ; all outside rooms; all meals; all sightseeing 
named in the itinerary, with transportation and tips; Federal tax; steamer 
chairs; and all the entertainment. The only expenses are purely personal 
items and the ship tips 

Make your reservations promptly 
For plan of the ship, rates, full information about the itinerary, cabin assign 


The capacity may be sold out early 


ments and answers to your Cruise questions, write Leon V. Arnold, Cruise 
Conductor, 36 Washington Square West, New York 11, New York. Many 
will remember Mr. Arnold from past coéperation with College Post-Con 


vention trips and cruises 
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now in parenteral form... 


BANTHINE’ 


‘omide 
Brand of Methantheline Bromide 





for use when oral administration is difficult or impractical 


—when more prompt action is desired bits 
Banthine—a true anticholinergic drug with In Peptic Ulcer —the value of the oral form of 
an adequate range of safety—is now made Banthine is now well established. However, 


available to the medical profession in par- edema in the ulcer area may indicate parenteral 
enteral form. for use intravenously or in- Banthine until the healing processes have re- 
. 7 j duced the edema. 

tramuscularly in those conditions charac- 


terized by nausea and vomiting, when oral In Pancreatitis —it has been found that par- 
medication cannot be retained and when a enteral Banthine relieves pain, effects a fall in , 
prompt action is desirable. blood amylase and produces a general improve- 


ment in the patient's condition. 
Through its anticholinergic effects, Ban- Lat a : 
ne : . In Visceral Spasm —it inhibits motility of the 
thine inhibits excess vagal stimulation and 
vt gastrointestinal and urinary tracts. 
controls hypermotility. 7 
Parenteral BANTHINE is supplied in serum- 
type ampuls containing 50 mg. of Banthine powder. 
Adult dosage is generally the same as with Ban- 
thine tablets. 
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Fellowship 


Every Fellow of The American Col- 
lege of Physicians prizes his Fellow- 
ship and should make use of these 
symbols to remind him, his associates 
and his patients of the ideals, aims 
and accomplishments of the College. 


FELLOWSHIP KEY 


This beautifully designed charm, 
bearing the seal of the College, is 
10K solid gold and embossed in 
the College colors. Shown actual 
size. Initials of Fellow and date 
of election engraved on back at no 
extra charge. Price, including 
taz, delivered, $7.50. 





FELLOWSHIP PLEDGE 


All Fellows subscribe to this pledge at time of 
induction. Engraved with artist’s outlined 
initials and the College seal in color; mounted 
and framed, with line for Fellow's signature. 
Ideal for reception room or office. Price, 
framed and delivered, $7.00. 


FELLOWSHIP 
CERTIFICATE FRAME 


The Fellowship Certificate furnished without 
charge to newly elected Fellows should be 
protected and displayed in the official, dis- 
tinctive frame. Similar in design to Pledge 
frame; attractively finished in gold. Shipped 
without glass. Price, delivered, $4.50. 





AS A GIFT 


To a Fellow, for that birthday or anniversary, 
or for any occasion, the Fellowship Key, 
Fellowship Pledge or Certificate Frame is 
ideal. These symbols of Fellowship become 
treasured possessions; reminders of high 
purpose and achievement. 
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The American College of Physicians 
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To the advertising pages of this 
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Advertising Committee. This 
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ceptance of promotional ma- 
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Medicine in the interest of its 
readers. The committee ac- 
cepts advertisements only of 
worthy products or competent 
services offered by reputable 
firms. It refuses all that is 
irrelevant to the practice of in- 
ternal medicine. 


The Annals reader who exam- 
ines the informative and at- 
tractive advertisements in each 
issue takes one more step in 
keeping abreast of newer de- 
velopments in clinical medi- 
cine. 
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For the Failing Heart of Middle Life 
Prescribe 2 or 3 tablets of Theocalcin, t. i. d. After 
relief is obtained, continue with smaller doses to keep 


the patient comfortable. Theocalcin strengthens heart 
action, diminishes dyspnea and reduces edema. 


Brand of theobromine-caicium Salicylate, 





Trade Mark reg. U. S. Pat. Off 


Bilhuber-Knoll Corp. Orange, N. J. 











LaMOTTE 
THE BLOOD CHEMISTRY 
OUTFITS 


A complete line of approved Blood Chemistry Outfits, 
simplified so as to render accurate results with mini 
mum time and operation 


PROTECTIVE Suits wniidtte te 


Albumin and Sugar in pH of Blood 
Urine pH of Urine 


COMPANY. — in Blood and a ~% ae 


Alveolar Air CO, Ten- Phenolsulfonphthalein 


MEDICAL 








sion (Roulette Type) 
. Bilirubin in Blood Specific Gravity (Blood 
ForT WAYNE: Blood Loss in Body and Body Fluids) 
Fluids Sugar in Blood 
—— Blood Sugar in Urine 
“ Calcium-Phosphorus in Sulfonamides (Blood and 
INDIANA Blood Urine) 
Chiorides in Blood Thiocyanate 
. Cholesterol in Blood Thymol Turbidity Test 
| Creatinine in Blood Urea in Bloot 
PROFESSAONAL PROTECTION Gastric Acidity Urea in Urine 
} ; Hemoglobinometer Uric Acid in Blood 
EXCLUSIVELY Icterus Index (Pigford Urinalysis 
Icterus Index (Micro) Vitamin C in Blood and 
SINCE 1899 ® Kline Test for Syphilis Urine 
Information on above cheerfully furnished 
specialized service lf you do not have The LaMotte Blood Chemistry 
assures ‘know-how’ Handbook, a complimentary copy will be sent upon 
request 
LaMotte Chemical Products Co. | 
Dept. “C” Towson, Baltimore 4, Md. | 
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Preserve your Annals— 


with this Jesse Jones Volume File 


Specially designed and produced for 
the Annals of Internal Medicine, this 
file will keep one volume, or six issues, 
clean, orderly and readily accessible. 
Picture this distinctive, sturdy Volume 
File on your book shelf. Its rich green 
Kivar cover looks and feels like leather, 
and the 16-carat gold leaf hot-embossed 
lettering makes it a fit companion for 
your finest bindings. 


Please send me, postpaid, 
VOLUME FILES, @ $2.50 each, 


3 for $7.00 or 6 for $13.00. 
Name: 
Address: 


City: 


The Volume File is reasonably priced, 
in spite of its costly appearance. It is 
sent postpaid, carefully packed, for 
$2.50 each. Most subscribers will find 
it more convenient and economical to 
order 3 for $7.00 or 6 for $13.00. If 
you are not entirely satisfied for any 
reason, return it to us within 10 days. 
Satisfaction guaranteed. 


am 


Clip this coupon today for 
prompt shipment, and order 
direct from: 


AMERICAN COLLEGE OF PHYSICIANS 
4200 PINE ST., PHILADELPHIA 4, PA. 
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CLINICAL STAFF HAPPINESS 


MEDICAL STAFF through EDUCATION with THERAPY 


OF PENNSYLVANIA 





HAPPY LIFE is still possible for the child who is failing 
Leslie R. Angus, M.D . : : Be caer : : : 
Robert Devereux, M.D. socially and scholastically— not because of limited intelligence, 
—— by 4 ~ — — but from sheer inability to cope with his emotional environment. 
ovitz, os . . " 4 » . . 2.9 
J. Chfford —y MD. With individualized guidance and thoughtfully directed activities, 
Calvin F. Settlage, M.D the disturbed child can be relieved of his anxieties and be assisted 
Ruth Stephensst, 55.5 with his emotional development. He can still become a happy, 
© well-integrated child. 
PSYCHOLOGICAL STAFF HEN, in your practice, you feel that a school-age patient 
i ge | 
OF PENNSYLVANIA = C ype ve -age pé 
Edgar A. Doll, Ph.D. needs specialized education an guidanc ¢, we invite you to 
Director of Research let us evaluate the potential outcome. When the intelligence is 
—— —— _ x normal, but emotional disturbances block the ability to learn, our 
Robert G eatery AM experienced staff will carefully study the details and offer a con- 
Edward L. French, Ph.D sidered report. 
John R. Kieciser, A.M. 
Mary J. Pawling, A.M. Please address your inquiries to: Joun M. Barcray, Registrar 


M. Eleanor Ross, Litt.M 





Deuereux Schools 


Hevena T. Devereux, Director 









FOUNDATION 
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SANTA BARBARA, CALIFORNIA DEVON, PENNSYLVANIA 




















Ann Woodward 
Director 
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The Work 
The Man 
And the Time 


AS WITH THE STARS, when these three essentials 
are “in conjunction,” all may be right with the world 
of your office, clinic or hospital. But if you are baffled 
or burdened with finding an internist of proper quali 





*As described by William Dock, 


M.D., et al. Vol. 146, No. 14, fications, background and experience to fit your re 
Aug. 4, 1951, Ji. A. M. A. Bal- quirements just when you need him—then it sometimes 

istocardiography in Med. Prac. seems only the “stars” can help! 
To serve this urgent and often baffling need, we have 
. . . . . files amply filled with biographies and references of 
Compact design, engineered for ac medical men with any type of background you may 
: : . = , ai need To assist you in filling that vacant post, we 
ee simplicity of aS and clin- maintain nationwide contacts with physicians at every 
ical eficiency. No service required. level of experience——men fresh from internship, others 
‘ now certified by the specialty boards, physicians fully 
Records on any make 550 00 matured in their fields, and others best equipped. to 

as : issume assistantships 
ECG. Simultaneous s We invite you to a with us . Though we 
ORS reading F.O.B. have not the record of every available candidate, the 
2H reading. NEW YORK roster is indeed long and the caliber of the registrants 
such as to command respect Your inquiry will be 
With “leg block” carrying case handled, too, with the attention and judgment which 
3s? Gh. long years of medical placement work have made 
$12.50 extra habitual with us 


Send Check With Order 


COUNTY SURGICAL CO., INC. 


1237 Atlantic Ave., Brooklyn 16, .N. Y. 


ene, FORMERLY azZNOE'S 
r 
78 «ath FLOOR + 185 N. WABASH +CHICAGO I+ 
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Now Open , 
THE MIAMI HEART INSTITUTE 


AN 








er ee 


INTER-AMERICAN HEART HOSPITAL 
FOR 


PATIENTS WITH CARDIO-VASCULAR DISEASES 


A non-profit institution staffed by 125 physicians, many certi- 
fied by American Board of Internal Medicine. Endorsed by 
the Florida and Miami Heart Associations. Special Long- 
term Rates for Ambulant Patients. 


Recreational Therapy Dietary Regimes Physiotherapy 
R. A. Carvolth Chas. E. Sorensen Robt. J. Boucek, M.D. 
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is extremely important for 
ye For taking skin and subsurface temper- 

determining the presence of 

atures instantaneously and accurately 


the U. M. A. THERMOCOUPLE 


is the standard the world over 


Peripheral Vascular Disease. 


Any number of consecutive 
direct readings can be rap- 
idly taken without lag or 
calculations of any kind. 


Accurate, soundly engineered 
and sturdily built to give a 
long period of carefree serv- 
ice. No batteries. 


Indicates instantly in Fah- 
renheit and Centigrade. 


The U. M. A. THERMO- 
COUPLE is extremely low 
in price $125.00 


At your Dealer or send for 
literature. 








The COLLENS The COLLWIL INTERMITTENT 
‘ SPHYGMO - OSCILLOMETER VENOUS OCCLUSION APPARATUS 
(not illustrated) (not illustrated) 
is the most important diagnostic aid in is the proved and accepted single and 
Peripheral Vascular Diseases. A blood automatic therapy whenever impair- 
pressure apparatus and an oscillometer ment of arterial circulation of the limbs 
in one instrument $42.00 occurs. $177.00 


U.M.A. Inc. 


56 Cooper Square, New York 3, N.Y. 
Algonquin 4-0924 
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dosage forms for 
optimal simplicity and flexibility 


For oral administration, Terramycin is supplied in Capsules of 
3 potencies, as well es in a palatable Elixir and concentrated 
a ee tee peenieny Be oe ten ee 
antibiotic Terramycin is the only broad- 

biotic is dane € lease ohich egingan aalaie a 
patients at all age and weight levels. 


For the treatment of severe fulminating infections; Terramycin 
Intravenous permits the attainment of immediate high seram 
concentrations. And for topical therapy of ocular infections, 
Terramycin is available as an Ophthalmic Ointment and an 
Ophthalmic Solution, both well tolerated and effective against a 
wide range of micro-organisms causing infection of the eye. 


supplied: : 250 mg., bottles of 16 and 100; 100 bottles i 
of £5 ana 190; $0 mg. bottle of 28 and 100; Ritxite 1.5 Gus sf 
in 1 oc. diluent; Oral Drops: 2.0 Can. in 10 ce. diluent with Me tlhe’ 
calibrates] oermrenees Sean ae 2 
vial, 500 mg. ; Ointment: 5 mg. per Gm., Tees 
tube; Ophthalmic Solution: 25 mg., 5 cc. ; ' 


phe 


Antibiotic Division CHAS. PFIZER ® CO., INC., Brooklyn 6,N. Y. 

















